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PWESTLYTE ILLUMINATED DIAGRAMS 


employing the new system of ’’ piped lighting ‘ 


An outstanding development, providing strikingly effective service to signal- 
men or traffic operators, this new type of illuminated diagram utilizes modern 
plastic materials by which ‘‘piped lighting” is conveyed from a remote source 
to illuminate the required parts of the diagram, at the same time providing 
a restful but distinctive indication. 

Each strip of track is illuminated by only one lamp, giving continuous and 
complete indication, with maximum economy in lamps and current, and by 
using a second lamp with a colour filter this indication can be made to change 
colour. The layout can thus be arranged, for example, to give a route ‘‘set- 
up,” ora ‘track clear”’ indication, by white lighting, and a ‘‘track occupied” 
indication by red lighting, utilizing the same indication strips. 

The special design with a curved front panel ensures absolute freedom from 
reflection and overall illumination can be varied at will to suit the lighting 
conditions in the cabin at any time. 


Another contribution 


to the safety and efficiency of railways 


Made in England by 
WESTINGHOUSE BRAKE & SIGNAL CO. LTD., 82 YORK WAY, LONDON, N.| 


Sleeping-car 
of the Compagnie Internationale 
des Wagons-Lits. 


© SLEEPING < CXR 


52 m? tankwagon 
for transport of propane. 


Double motor-coach, 
Supplied to the 
Belgian National Railways 
(160 km/h). 


Wagons — Coaches — Locomotives — Bridges and structures — Heavy and medium pressings. 


Elements for pressure pipes - High pressure welded vessels — Springs — Forgings 
High pressure flanges — Galvanized sheets. 


Société 


Anonyme bs) ae/ Bsa) Ea ay GS (BELGIUM) 


PREMISES Works at 
AND GENERAL MANAGEMENT : NIV En Sessa Ze 
NIVELLES LA SAMBRE AND MANAGE 


Telephone : Nivelles 22 — Telegrams: Metal-Nivelles 


EST Editions SCIENCE & TECHNIQUE 
LL. 21, rue Newton, BRUXELLES 
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ENGLISH ELECTRIC 
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Electric Locomotives for Freight and Passenger Service 


‘ENGLISH ELECTRIC’ electric locomotives have estab- Government Railways, 2400 h.p. 1500 volt loco- 
lished a reputation for reliable service and high motives for the Victorian Government Railways, and 
operating availability since the first locomotive 3600 h.p. 3000 volt locomotives for the Spanish 
equipments were supplied to the City and South National Railways. The illustration shows one of 
London Railway in 1890. Locomotives, some elec- fifteen 3000 h.p. 3000 volt locomotives built by The 
trically equipped, others built entirely by “ENGLISH ENGLISH ELECTRIC Company and Vulcan Foundry 
ELECTRIC’, are now in service in Bolivia, Brazil, Ltd., for Estrada de Ferro Santos a Jundiai, Brazil. 
Canada, France, Great Britain, India, Japan, Morocco. These locomotives, which are equipped for regenera- 
and New Zealand, while present orders include tive braking, haul passenger and freight trains of up to 


1800 h.p. 1500 volt locomotives for the New Zealand 700 tons weight over gradients as steep as | in 40. 


The ENGLISH ELECTRIC Company Limited 
QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 


Traction Department, London 
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SVENSKA AKTIEBOLAGET BROMSREGULATOR - MALMO - SWEDEN 
Société des Régleurs de Freins SAB — 64, rue de Rome — Paris 


Dil eS ee eee Cop GumL © € OM Ody Es 
GENERAL MOTORS CORPORATION'S LICENCE 


ANGLO-FRANCO-BELGE 
LA CROYERE — BELGIUM 


Manufacturers of locomotives — railway coaches — waggons 


VI 


The 


Economics of 
Railway Coach 
Decoration 


LENGTH OF SERVICE 


Under the conditions which prevail throughout 


the world, the problem of economic 


maintenance assumes primary importance. 


Formica is a hard-surfaced, durable laminated 


plastic material, which can be cleaned by 


wiping with soap and water. The interesting 


comparisons given below are based on normal 


renovation practice. 


POLISHED TIMBER 


LEATHER CLOTH 


FORMICA 


18 
MONTHS 


(LIGHT OVERHAUL) 


3 YEARS 


(MAJOR OVERHAUL) 


Cleaned and given one 
fresh coat. 


Complete re-paint. 


Any badly scratched 
are removed and re- 
polished. 


Panels and mouldings 
removed, re-surfaced 
and re-sprayed — a 
protracted operation 
entailing loss of reve- 
nue on the capital 
outlay. 


Thorough cleaning 
with soap and water. 


Repainting required 

(on account of the 

fugitive nature of the 
colours). 


Clean with soap and 
water — a much 
quicker and easier 
operation than 
cleaning paint or 
leather cloth. 


Clean with soap and 
water. No further 
treatment needed. 


All the evidence points to the fact that up to 
a period of 15 years FORMICA maintenance 
costs are exceptionally low — combined with 


good appearance throughout the whole period. 


beautiful colours and wood grain effects and is 
easy to install. Cigarette proof grades are 
available for horizontal surfaces. 


We shall be happy to furnish full information 


Formica is a laminated plastic material in sheet and samples of 


form with the hardest surface known to science the material on 


PORMIcx 


in its field. It is obtainable in a range of 


application. 


THOMAS DE LA RUE & CO LTD (Plastics Division) 


IMPERIAL HOUSE, REGENT STREET, LONDON, W.1, ENGLAND 


Telephone No. : REGent 290] Telegrams : Delinsul, Piccy, London Cables * Delinsul, London 


“‘Formica"" is a registered trade mark and De La Rue are the sole registered users 
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HIGH EFFICIENCY 


PERMANENT WAY EQUIPMENT 


AUTOMATIC 
TAMPING MACHINE 


16 tamping tools actuated sim- 
ultaneously complete the ballast 
packing of each sleeper in one 
operation. 

The machine can be side tracked 
in one minute. 


AUTOMATIC BALLAST 
CLEANER 


The machine can be side tracked 
in a few minutes. 


SLEEPER SCREW DRIVING MACHINES - RAIL 
SAWS AND DRILLS - SLEEPER DRILLS 
CALCULATOR FOR THE ADJUSTMENT OF CURVES - RIPAMETRE, ETC. 


MATISA. EQUIPMENT LIMITED. 


LONDON, 78, Buckingham Gate, Westminster, S. W. 1. 


Licensees from MATERIEL INDUSTRIEL S. A. LAUSANNE. Switzerland 
Agents and representatives in 


ARIS, CHICAGO, BUENOS AIRES, RIO DE JANEIRO, ADELAIDE, CAPETOWN, etc. 
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SKF ROLLER- BEARING AXLEBOXES 
on wagons for food transport 


Owing to the fact that higher speeds of trains, inclusive of 
goods-wagon trains, are planned in most countries the wag- 
ons for food transport should above all be equipped with 
SLeiF roller-bearing axleboxes so that these wagons could 
be coupled to fast goods-trains or expresses. The plain- 
bearing axleboxes in existing wagons can easily be re- 


placed by SLE roller-bearing axleboxes. 


Wd. 
f, 


Refrigerating van of the Vdstergotland— 


Y 


Goteborg Railway. Tare weight (exclusive 
of ice) 11,000 kg. Capacity (inclusive of ice) 
10 tons. Loading surface 16.2 m*. 4 SUS 


roller- bearing axleboxes. 
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@ Reliability — no hot-running 


® No lubrication during operation but only 
in connection with overhauls in the workshop 
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@ Overhaui is much easier and cheaper than 
for plain-bearing axleboxes. 


@ You need not remove the axleboxes when 
the tyres are turned off — reduced repair- 


ing expenses. 
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INTRODUCTION the large number of investigations carried 
; : out with a view to determining, as accura- 
The determination of the stopping  tely as possible, these laws of variation 


distances of trains has an important place 
amongst the questions on the working of 
railways, which is as much justified 
theoretically as practically. 


Actually, brake calculations are based 
on the knowledge of the laws of variation 
of coefficient of friction between the brake 
shoe and the wheel, which is the reason for 


in the function of speed, pressure, ete. 

Having acquired this knowledge, it is 
necessary to examine the method of the 
working of brakes in order to determine 
their characteristics and especially the 
law of increasing force applied to the 
shoes in relation to the function of time. 

The comparison of these two elements, 
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together with the interpretation of the 
results of brake trials carried out on 
isolated vehicles or on trains enables the 
stopping distances to be determined for 
trains running at varying speeds on lines 
having different gradients. 


These stopping distances, determined 
for the various categories of trains (pas- 
senger, express freight and goods trains) 
enable brake regulations to be laid down, 
to which trains working on a line must 
conform when signals are placed at a 
given distance or high speeds are in 
question and maximum braking is car- 
ried out. These stopping distances serve 
as the basis for determining the distances 
at which signals are placed. 


It should be noted, in certain special 
cases, owing to reduced visibility or the 
absence of any signalling arrangement, 
that it is the speed of the train which is 
the last unknown item of the problem, 
it being taken that the braking is at the 
maximum and the stopping distance 
reduced to the very minimum (200- 
300 m) (218 to 328 yards). 

It could be deduced from the preceding 
that the determination of the stopping 
distances and the fixing of brake regula- 
tions does not present particular diffi- 
culties because the laws of the variation 
of the coefficient of friction have been 
the subject of much research, for more 
than three-quarters of a century and also 
the method of the working of brakes 
is equally well known owing to rivalry 
and competition which has been shown 
both in scientific research and inventions. 

It can assuredly be affirmed that if the 
calculated stopping distances were an 
easy problem, brake regulations would 
not differ so widely between one railway 
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system and another. This divergence, 
however, does exist and efforts recently 
made by the International Union of 
Railways (U. I. C.) to standardise brake 
regulations have not been crowned with 
success. Some figures will enable the 
situation to be appreciated. 

For a parcels train working at 100 km/h 
(62 m.p.h.) on a line where the signals are 
spaced at 1 000 m (1 093 yards) the per- 
centages of weight-brake required are 
the following : 


Sweden . AO 
France. Dee 
Belgium ee NS 
Germany . 64 % 
Italy . ie aA 


On many railway systems the brake 
calculations are made in accordance with 
formulae of more than 40 years ago or in 
accordance with results of trials carried 
out hardly more recently. 

Whilst the study of the laws of the 
variation of the coefficient of friction has 
been pursued, almost without interrup- 
tion, since 1858, it can be stated that the 
regulations of many Administrations have 
been retained in the form they were in 
about 1910. 

However, the application of compressed 
air brake to goods trains which was 
carried out on most of the Continental 
Railway systems from 1925 to 1935 has 
led to brake trials which have, fortunately, 
increased the information available, al- 
though generally, scientific publications 
have not had a sufficient circulation. 

The lack of uniformity of regulations 
regarding the application and release of 
brakes between the time of experimental 
discoveries and that of their introduction 
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into the regulations would appear to be 
due in the first place to the complexity 
of the calculations through the super- 
position of the variations of the coefficient 
of friction applied to a force at the brake 
shoes which itself varies with time. In 
addition, many Administrations are ex- 
cessively cautious, showing little haste 
to adopt improvements, even those which 
are most useful and have been most 
carefully studied. 


Undeniable proof of the complexity 
of the calculations is shown by the two 
articles, which appeared in 1948 in the 
Bulletin of the International Railway 
Congress Association, and were written by 
Mr. HENNIG, who established, with mathe- 
matical precision, the stopping distance of 
a goods train after very long calculations 
developed over about 20 pages. 


It should also be noted that Mr. HEN- 
NIG simplified considerably the calculations 
by admitting that the coefficient of fric- 
tion varies geometrically with the speed 
(DoYEN’s formula), although more recent 
theories assign a law of hyperbolical 
variation to the coefficient of friction. 

To avoid the difficulty of too long and 
too laborious calculations, our researches 
have been towards a method of approach 
applicable to all types of brakes (passenger 
or goods). This method permits the 
resolving of various problems raised in the 
operation, by the use of a relatively simple 
formula. This formula can even be trans- 
formed in a nomogram and all problems 
cited can be resolved by a simple graphical 
process. 

An idea of the advantage of the gra- 
phical process and the economy in calcul- 
ations which is procured can be appre- 
ciated by recalling the equations used for 
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linking the stopping distance to the 
maximum speed, and to the percentage of 
weight-brake which can cover a speed 
range of 20 to 140 km/h (12 to 87 m.p.h.) 
and a range of the distances of 200 to - 
1 600 m (218 to 1 750 yards). 


I. Determination of the value of coefficient 
of friction. 


Problems regarding braking of rail 
vehicles have been studied since the 
beginning of railways. The data obtained 
by the end of the last century were the 
results of patient efforts of many experi- 
menters, amongst whom the names of 
PorrEe, BOCHET, DOUGLAS GALTON and 
WICHERT are particularly well-known. 
From this data, other experimenters have 
proposed various formulae with the object 
of translating into mathematical terms the 
variations of the coefficient of friction 
under the influence of the three essential 
factors which were brought out by 
DOUGLAS GALTON : 


1) speed; 
2) pressure; 
3) duration. 


Between the work of DOUGLAS GALTON 
(1878) and that of WICHERT (1894), nume- 
rous formulae were introduced by DoyYEN, 
SEGUELA, SOULERIN, FLIEGNER, FRANKE 
and Petrov. These formulae decreased 
the coefficient of friction when the speed 
increased, but according to very different 
laws : linearly for DoyeN, SEGUELA and 
SOULERIN, hyperbolically for FLIEGNER 
and PetTrov, and _ exponentially for 
FRANKE. 

Tests carried out by WICHERT confirmed 
that the hyperbolical curve represented 
the variation of the coefficient of friction 
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in regard to speed, but these tests also 
showed the existence of considerable 
differences due to the condition of the 
surfaces in contact, wetness reducing 
friction up to 45 % of the value observed 
when the surfaces in contact are perfectly 
dry. 

After the First World War, new tests 
were undertaken by MeETzKOv (1926), 
who studied the influence of pressure and 
the respective hardness of the surfaces 
in contact. Some tests were also under- 
taken in America in 1930 to measure the 
influence of pressure on the coefficient 
of friction. 

Messrs. PARODI and TETREL, in their 
work entitled Electric Traction, which 
appeared in 1935, gave an_ excellent 
summary of the information which had 
been acquired up to that time on the 
subject of the laws of friction. 

Their conclusion was that BOCHET’s 
experiments, although the first (1858), 
and the law which translates them : 


0.33 
tte 0.023 32V 


were confirmed by later research which 
had been carried out for more than three- 
quarters of a century. 


(V expressed in km per hour) 


New tests, however, were carried out 
up to the beginning of the Second World 
War by the German State Railways (1935), 
the University of Illinois (1938) and the 
Central Scientific Research Institution of 
Russia (1938), in order to bring out the 
influence of speed, pressure, duration, 
temperature and hardness of metals in 
contact. 

To the names of those previously men- 
tioned should be added RECKL, SCHRADER, 
BABICKHOV, EGORTCHENKO, —HENNIG, 
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CHRISTEN, PEDELUCQ and KARVATZKI who, 
from all quarters of the globe, have added 
their contribution to the study of a ques- 
tion of the greatest interest, as it is on its 
solution that a large number of important 
matters in the working of railways rests, 
especially the increase of speed, the 
determination of the distance at which 
signals should be spaced, the regulations 
regarding the composition of trains, etc. 


According to our information, credit 


must be given to an English engineer, © 


Mr. Jury KOFFMAN, for the most up-to- 
date information on the subject of adhe- 
sion and friction given in his paper read 
before the Institution of Locomotive 
Engineers on the 20th October, 1948. 
His report, well supported by document- 
ary evidence, set out the essential points 
of the work of many different investiga- 
tors, whom we have mentioned previously, 
and he has drawn the most useful con- 
clusions for those who must adapt for 
practical use, the results of the tests. 


The aim in this paper is essentially 
practical, only brief particulars will be 
given of the various laws proposed to 
express the variation of the coefficient 
of friction with the factors on which the 
influence is predominant to find the speed 
and the pressure. 


Certain of these formulae give results 
very near to one another and a choice has 
been made amongst those which show 
a stage in the already long history in the 
study of the laws of friction. 


The most outstanding laws of variation 
are shown in Appendix 1. 


As has already been pointed out, the 
investigators endeavoured to show the 
influence of speed, although DoucLas 
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GALTON has also shown the influence of 
pressure. 


Regarding the influence of speed, the 
comparison of the proposed formulae 
show that the law of Doyen : 


Ff = 9.270 — 0.0072 v 


is satisfactory for slow speeds, but must 
be replaced by another law for speeds 
higher than 80 km/h (50 m.p.h.). 

The hyperbolical formulae (BOCHET, 
FLIEGNER-DE BLIECK and PARODI-TETREL), 
although better, also show too great a 
drop of the coefficient of friction at high 
speeds. Regarding WICHERT’s formulae, 
these obiously give too poor results at 
slow speeds. If it is desired to compromise 
between these various propositions the 
discontinuous variation must be admitted : 


(v in m/sec.) 


(FLIEGNER-DE BLIECK) of 0 to 65 km/h 
(0 to 40 m.p.h.), 


and jf = 


V — 20 
for high speeds, 


unless it is admitted that the coefficient 
of friction varies with the speed according 
to a law represented by a curve of the 
third degree. As will be seen later, this 
last solution will readily incorporate the 
requirements regarding the intervention of 
pressure, but makes the integral calcul- 
ations for determining the braking time 
and stopping distances more difficult. 


The formulae adopted to express the 
variation of the coefficient of friction with 
the speed are only valid for a determined 
pressure. Indeed, DouGLAS GALTON’s 
experiments show that the coefficient of 
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friction diminishes with increasing pres- 
sure. 


Until the beginning of the 20th Cen- 
tury, the influence of pressure did not play 
a very important role : most vehicles had, 
except locomotives, brake rigging having 
a force of approximately 2 000 kg (4 409 
Ibs.) on each shoe, corresponding to a 
pressure of 7 kg/cm? (99 Ibs. per squ. 
inch). At this time, only passenger coaches 
were fitted with compressed air brake, 
goods trains being hand braked. As for 
locomotives, the weight of which is much 
higher per axle than that of other vehicles, 
the force at the shoes had to be limited 
to two-thirds of the weight of the driving 
axles and half the weight of the bogie. 


DOUGLAS GALTON’s experiments includ- 
ed pressures of up to 10 kg/cm2 (142 lbs. 
per sq. inch) and the decrease of the coef- 
ficient of friction when the pressure 
increased could be easily observed. 


In consequence pressures used for brak- 
ing trains varied between high and low 
limits for clear reasons. On the one hand, 
the fitting of compressed air brakes to 
goods trains necessitated the use of low 
pressures, owing to the danger of skidding 
of wheels of empty vehicles. Consequently, 
wagons with a low tare could not have 
the force per brake shoe greater than 
1000 kg (2205 lbs.) that is to say, a 
pressure of approx. 3.5 kg/cm? (49 Ibs. 
per sq. inch). On the other hand, pas- 
senger trains, the speed of which had 
considerably increased, had to be equipped 
with more and more powerful brake 
gear, attaining 4000 kg (8 820 lbs.)per 
brake shoe (14 kg/cm2 — 199 lbs. per 
sq. inch). Moreover, it was at this time 
that the need to double the brake shoes 
on very heavy vehicles (locomotives) or of 
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(2) Wet rail. 


Fliegner de Blieck’s formula. 


(3) Average. —— — — — Proposed value for speeds above 65 km/h formula. 
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those equipped with a brake of which 
the power varied with the speed (auto- 
variable brake) was realised. 


In order to define clearly the influence 
of pressure on the value of the coefficient 
of friction, some characteristics figures 
are given below : 


A. Trials of Metzkoyv. Values of f (kg/t) 
for pressure of : 


B. Prials carried out in U.S. S. R.: 


Speeds 


Comparison of the results obtained by 
the two series of experiments showed 
considerable differences. METZKOV’s tests 
had been carried out in a laboratory, 
whilst those of the U. S. S. R. which were 
confirmed by similar trials in Germany, 
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had been carried out on the line. Whilst 
the former threw light on the physical 
and theoretical aspect of the problem, 
the latter took into consideration addi- 
tional factors which can seriously modify 
the value of the actual force applied at 
the shoes, 1. e. dust, humidity, play in 
the brake rigging, etc. 


These tests must, above all, serve as a 
guide to establish a law of variation 
linking the coefficient of friction to speed 
and pressure, it being understood that 
when choosing a suitable value for this 
coefficient, the nature of the problem in 
question must be borne in mind and the 
best solution chosen in accordance with 
safety. 

In other words, the « lower » values of 
the coefficient of friction must be chosen 
to determine the stopping distances of 
trains, whilst « higher » values are used 
to establish the pressure that can be 
exerted on a wheel without risk of skid- 
ding. 

Mr. Jury KOFFMAN in his paper already 
mentioned, estimated that the three va- 
riables of the problem are linked by the 
form : 


3 3 
' Vii P1 
Naps ne Ivip, pe x P 


The following can be chosen as normal 
limits of pressure and speed : V 160 km/h 
(100 m.p.h.) and p 16 kg/cm2 (227 lbs. 
per sq. inch) on the one hand and V 20 
km/h (12 m.p.h.) and p 2 kg/cm2 (28 Ibs. 
per sq. inch) on the other. It can be seen 
immediately that if X represents the value 
of the coefficient of friction for 160 km/h 
and 16 kg/cm2, this coefficient will equal 
4 X for 20 km/h and 2 kg/cm2. 


In order to take into consideration the 
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2. | 


Kg/cm2 


Speeds 


least favourable results in the value of the 
coefficient of friction, the figure of 55 kg 
per ton for 160 km/h and 16 kg/cm? has 


been chosen. The other values are given 
in the table above. 


These values have been shown graphic- 
ally in Appendix 1A. The curves 
consist of a series of cubic parabola. 


Other elements which influence the 
value of the coefficient of friction, 1. e. 
hardness of the shoes, duration of appli- 
cation, temperature, etc., will not be gone 
into. Regarding the condition of the 
surfaces in contact, very low values have 
been chosen for the above table, which 
give sufficient safety to cover the most 
unfavourable conditions. 


II. Determination of retarding force deve- 
loped by the shoes during braking. 


If a force Q is exerted on a shoe 
applied against a wheel during braking, 
the force opposing the rotation of the 


wheel under the action of the shoe has 
the value of : 


a ®) 


The work carried out to determine the 
value of f, which varies essentially at 
different speeds and pressure at the shoes, 
is now reviewed. The force Q and, in 
consequence, the pressure at the shoes, 
can be applied on the wheels in a very 
short time (rapid acting brake) or gra- 
dually (braking of goods trains). 


In the first case, Q being constant 
during the whole of the braking, the 
determination of the value of F may 
become confused with that of the coeffi- 
cient of friction f. This latter, varying 
only as the speed (the pressure being 
constant), the speed curve plotted against 
time will enable the value of F to be 
expressed as a function of the time and 
from this the mean value of the retarding 
force can be obtained during the brake 
application. The integration is easy 
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VARVATION DU COEFFICIENT DE FROTTEMENT F 


SOUS LINFLUENCE DE LA PRESSION AUX SABOTS 
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8 kg/cm* 
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440 4150 160 Vikm/h 


APPENDIX 1A. 


Explanation of French terms : 


Variation of coefficient of friction F due to varying pressure at the shoes. 


736 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


when the elements vary linearly with the 
speed. It becomes very complicated if the 
movement of the train is taken into 
consideration in the equations so that 
the coefficient of friction varies with the 
cube root of the speed whilst the running 
resistance is a constant term, a term V 
and term V2, due to the resistance of air. 
This is why one is led to integrate between 
the limits of the speed at certain intervals 
a linear variation can be admitted for all 
the elements considered (friction and 
running resistance). The method of 
calculation followed from the fundamental 
theorem of the chance of kinetic energy 
applied to a train of mass M stopped in 
a distance L from an initial speed vg express- 
ed in metres per second, is as follows : 
My. L 
— — uFdL 


) 


Lets 
P = the weight of train in kg; 
Q = the sum of the force at the shoes; 


45-38) 
a = the quotient P or the coefficient of 


braking; 
r =r, + rg.v the running resistance; 
Ft = fi — fo.v the coefficient of friction, 
what is assumed to vary with the speed 
between the limits yj v2. To take into 
consideration the inertia of the revolving 
masses, the mass of the train is obtained 
ry ok } 1.088 
by multiplying its weight by ret The 


original equation becomes : 


1.088 , 

ae a 

2 oe 

a "L 

= & (fi —fo.v)dL + | (% + 7.v)dL 
uv @ O 


all 
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This is on the hypothesis that the line 
under consideration is level. 


After differentiation and simplification, 
the following is obtained : 


vdy = (C— Dy)dL, 


where : : 
fe meee 8, 
a 1.088 
and : 
_ &(f2% — ro) 
y ies 1.088 


If it is desired to determine the duration 
of the braking or its length, this latter 
equation will be written then integrated 
under one of the following forms : 


dy vdy 
=== oF GL = = 
C= Dy € == Dp 


a 


duration of braking : 


( 

Da 

— D log. N. Cin 

Die 

the length equals : 
| es) 
Le) ee 
D |”2 iD Mare 

Dew 


It is, of course, understood that the 
times ¢ and the lengths L are the times and 
lengths obtained for the interval v; to vo, 
the first speed being the initial speed of 
the train and the final speed being nil 
(stop). 


If this method of calculation for the 
stopping distance of a train is used 
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with a known coefficient of braking 


op! in the energy equation the inte- 


grals of 0 to L can be replaced by expres- 
sions using the average values both for 
the coefficient of friction and for the 
running resistance. The equation becomes: 


1.088 
2g 


which is written as follows to express the 
speed in km/h: 
4.24 V2 
= Oim + Vm 


In this form the formula for stopping 
distance is well known and has been used 
with variations by the different authors 
of braking formulae. 


It must now be explained how leaving 
this formula one is led to an equivalent 
expression in which the product « fm is 
replaced by another, showing the weight- 
brake of vehicles. It should be noted that 
as soon as average values are used it is 
possible to dispense with the index 
symbol; therefore, f is written in lieu of 
fm and r in lieu of rm. 


In order to understand better the reason 
why the term weight-brake has been 
chosen to indicate the braking power of a 
vehicle, the methods of calculation used 
for determining the stopping distance of 
goods trains braked by hand must be used. 


For safety reasons, in order to determine 
the stopping distances of these trains, a 
specific force «af (expressed in kg/t) 
necessary to brake the wheels without 
skidding is not taken but the most unfa- 
vourable case that can occur, i. e. the 
sliding on the rails of the train, the wheels 
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of which would be locked due to too large 
force applied on the hand brake. 


In this hypothesis of sliding on rails, 
the coefficient of friction of steel on steel 
being less than that between iron and 
steel, was taken as 0.104 (104 kg/t), 
irrespective of the speed (actually, this 
would not exceed 45 km/h) (30 m.p.h.) 
and irrespective of the pressure existing 
between the tyre and the rail. 


It is, of course, understood that the 
force by which it is necessary to multiply 
this coefficient of friction is no longer 
the force Q exerted on the shoes, but 
the force P’ on the braked and locked 
wheels, assuming that they are sliding 
on the rails. By analogy with the coeffi- 
cient « expressing the relation between 


fi 


P 
the torcesO "andethe weicnt Pyke P 


which is called proportional braking is 
introduced in the formulae. The formula 
used was : 

4.24 V2 


my Oiosnee 


When the compressed air brake was 
used on goods trains, in the first place 
methods of calculations used for pas- 
senger trains were used, that is to say, 
the brake power was measured by the 
force Q applied at the shoes. Also, the 
relative importance of this braking to 
the weight of the train was expressed 
by the coefficient of braking « = s 

The force Q obtained from the brake 
cylinder dimensions and the leverage of 
the brake rigging has been chosen in order 
to prevent the locking of the wheels. To 
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obtain this result, the following reasoning 
was used : 


To avoid the locking of a wheel, it is 
necessary that Qf < Pa (a = coefficient 
of adhesion) particularly at slow speeds. 
Experience showed that at slow speeds 
one generally had: a = from 0.20 to 
0.25 and f = 0.30 to 0.35. It is for this 
reason that at the outset the coefficient 


value of « = — was limited to 0.66 


or 0.70. For a wagon braked solely on the 
tare weight, to limit the force at the shoes 
to 7/10 of the weight on rails was a general 
rule, whereas for passenger vehicles the 
force at the shoes was at least equal to 
8/10 of the tare. 


This difference is easily explained by 
the following : 


a) Carriages run empty less frequently 
than wagons and their load is much more 
uniform. 


b) The pressure at the shoes being 
greater for coaches than for wagons, the 
coefficient of friction is lesser and there- 
fore the danger of locking is less, which 
permits the adoption of a higher coef- 
ficient «. 

c) Speeds being higher for coaches, a 
higher value of « is indicated, both owing 
to the value of the coefficient of friction 
being lower and its being essential for it 
to be brought to a standstill in the same 
distance as that permitted for goods 
trains. 


The above also explains the difference 
between the definitions of weight-brake 
permitted for passenger trains, as against 
goods. This duality has formed a serious 
obstacle to efforts made to standardise 
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brake regulations between the various 
railway administrations. 


This can be demonstrated more clearly 
by an example: a wagon having a tare of 
of 10 t — and of which the force at the 
shoes is 7 t — has, by definition, a weight- 
brake of 10 t — brake whilst that of a 
coach of 40 t — tare would have 40 tonnes- 
brake, and a force of 32 t at the shoes. 
The disadvantages of this double defi- 
nition of the tonnes-brake are shown 
more clearly when it has been necessary 
to indicate the brake power of vehicles 
equipped with mixed type brakes (pas- 
senger and goods). The brake value for 
the passenger vehicles is estimated, for 
example, at 17 tonnes-brake whilst with 
the same force at the brake shoes that for 
goods corresponds to the value of 16 
tonnes-brake. 


When greater pressures are used, as in 
the case of brake shoes on locomotives, 
the weight-brake of the vehicle is taken 
equal to the force at the shoes or, at the 
very most, 110 % of this force. These 
differences are explained if the influence 
which the pressure exerts on the value of 
the coefficient is recalled. 

As a matter of fact, wagons braked 
in accordance with the tare, only have a 
pressure of 5 kg/cm? (71 Ibs. per sq. inch) 
whilst for the locomotive three times this 
value is reached. For the same speed the 
coefficient of friction will be reduced from 
150 to 100 when one goes from 5 to 15 
kg/cm2 (71 to 213 lbs. per sq. inch). 

By the foregoing, it can be seen that 
weight-brake, which at the outset (in the 
case of hand brake), was thought to be 
connected with the physical idea of weight 
braked or weight on rail, is no more than 
a figure translating brake power and which, 
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in consequence, can be greater, equal or 
less than the weight on the braked axles. 


The idea of the weight-brake presented 
more scientifically in relation to the force 
at the shoes, has the advantage of being 
more familiar to the staff as the terminology 
used for hand brakes is employed. It also 
has another good point, as it permits the 
inclusion in the expression for weight- 
brake of all elements besides the pressure 
at the shoes, which influence the intensity 
of the actual braking. These elements are 
the time to fill the brake cylinders and a 
factor permitting the estimation of the 
form of the curve representing the law 
of variation of pressure in the function 
of time. These various points will be 
discussed later. 


The replacement of the braking force Q 
by the weight-brake, will be represented 
by the letter B in the calculations for 
stopping distances, and consequently 
transforms the classical formula by the 
following process : 


B 
The quantity sf ors f is replaced by Pk 


it being understood that B = Qk. k 
is a coefficient of the approximate value of 
10/7 for wagons, 10/8 for carriages and 
1.1 for locomotives. 


B 
The term P will be called « percen- 


tage of weight-brake » and will be 
represented by the letter b, therefore, let 
ae m, expressed in kg/t brake, which is 
the specific average retarding force devel- 
oped during braking between the initial 
speed V and stopping. 

How can the terms k and m be determ- 
ined? We know that for any speed : 
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3116 

fo = fis a] — 

P 
in which fi6 represents the value of the 
coefficient of friction at the pressure of 


16 kg/cm? and f, that which is obtained 
for the pressure of p kg/cm2. 


If it is admitted by definition that the 
weight-brake of a vehicle, the shoes of 
which have a pressure of 16 kg/cm2, is 
equal to the force exerted on these shoes, 
that is equivalent to admitting that in the 
formula : B = Q.k, k equals one if p is 
equal to 16 kg/cm2. Therefore according 
to the formula mentioned above, k 
equals 2 if pequals 2 kg/cem2. To find the 
intermediate values of k it is sufficient 
to consult the table below, which has been 
drawn up in accordance with the formula : 


3116 
Dp 
Pressurea. ee (cae he 4 6 8 
ee end nt, Fons BES 20 ee 159 159 ae 1226 
[resi ©) eles 10 12 14 16 
a Ae 7 104 12045 ee LO 


; ae 
Therefore, since m air it can be seen 


that the retarding force m is tied to fio, 
that is to say, with the value of the 
coefficient of friction for the pressure of 
16 kg/cm?. Consequently, all calculations 
in which the retarding force m appears 
can be resolved when the values of fi¢ 
are known. These are found in the last 
column of the table given on page 734. 


Ill. Variation of pressure at the shoes in 
function of time. Passenger and goods 
trains. 


Up to the present, it was supposed that 
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the braking force applied to shoes exerted 
its whole effect from the initial moment 
when the driver applies the brake. Ac- 
tually, and indeterminate period elapses 
between the moment when this action 
is carried out and when the brake shoes 
are applied against the wheels with 
maximum force. With passenger trains 
this time is very short (1 1/2 to 3 seconds). 
On the other hand, with goods trains this 
time is much longer, (approximately 40 
seconds). Experience has shown that 
although there does not appear to be 
any disadvantages when the maximum 
force is immediately applied to a relatively 
short train, all the vehicles being braked, 
e. g. a passenger train, the same is not 
the case for a goods train. This latter is 
composed of a much larger number of 
vehicles, some loaded, some empty. 
Amongst these, some are fitted with 
brakes, others simply with a « through 
pipe ». As the couplings on a goods 
train rust withstand much greater snatch, 
it is considered that braking should be 
progressive and, preferably, in two parts. 
With the first, application having a delay 
of about 5 seconds, the shoes are applied 
against the wheels with a reduced pressure 
approximately 1/Sth of the maximum 
pressure. The pressure rises in accordance 
with a parabolical law, attaining its 
maximum value at the end of a period 
carrying with the braking system, but 
which is round about 40 seconds. 

When it is necessary for wagons to be 
marshalled indiscriminately in goods, and 
passenger trains, or express freight trains 
the latter being fast trains with a reduced 
number of vehicles, they are fitted with 
mixed brakes that is to say, a brake which, 


by a simple lever arrangement can be 
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changed from « goods » to « passengers » 
position. It should be noted, however, 
that in the « passenger » position pres- 
sure is not exerted by the shoes with the 
same rapidity as with coaches. The 
U. I. C. regulations lay down that for 
international traffic « passenger » brakes 
must have a maximum pressure exerted 
within 8 seconds. 

This variation of pressure to the shoes 
during braking introduces an additional 
complication in the calculations for stop- 
ping distances. As is shown in the dia- 
gram, appendix 2, to each value of the 
pressure there is a corresponding different 
value of the friction coefficient which varies 
with the speed. The friction force at the 
shoe F consists of the product of three 
factorsi: 2 ==. 7.7.55, Ole whiches omy, 
the surface of the shoe, is constant. It is 
of course, evident that the braking 
efficiency of a vehicle braked in accord- 
ance with « goods » type lessens as the 
duration of the brake application de- 
creases. Consequently, when a stop must 
be made over a very short distance the 
period of braking can become much less 
than the time required to obtain the 
maximum force at the shoes and the 
percentage of weight-brake necessary is 
relatively higher than when a_ longer 
stopping distance is available. The con- 
clusion is, therefore, reached that if, for a 
passenger train, the value of the average 
retarding force m can be considered as 
independent of the stopping distance 
within fairly wide limits (600 to 1 600 m) 
(656 to 1 750 yards) it would not be the 
same for a goods train. This circumstance 
has been a serious obstacle in the deter- 
mination of stopping distances for goods 
trains and has added considerably to the 


VALEUR DE LEFFORT AU SABOT Q ET DU 


FROTTEMENT F. 


Fos D Qv. 
Qu: 


COEFFICIENT 


V= fren regime voyageurs 


N= frein regime marchand ses - 


VALEUR DE L’EFFORT RETARDATEUR TM 


Valeur 


de ¢ effort relurdaleur 
ea) ko 7 tonne) 


ANNEXE 2 


DE 


Corresponcon/ a un effocl JSexviror 2500k95 por sabi 


Valeur correspordan/ a un effarl ce 1800 kg /sabol 


wmaenmee a/eur moyenne adoplee enl-e 30 2/ 63 kKmsA. 


0 40 20 30 40 50 60 70 &0 90 400 140 


APPENDIX 2. 
Explanation of French terms : 


Value of the force at the shoe Q and the coefficient of friction F. 
= passenger type brake. 

M = freight type brake. 

Value of retarding force m. 


Value 
Value corresponding to a force of 1 600 kg per shoe. 


Average value adopted between 30 and 63 km/h. 


120 


130 


140 


km/h. 


of retarding force m (kg/t) corresponding to a force of approximately 2 500 kg per shoe. 


742 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


complication of regulations used to deter- 
mine the weight-brake of vehicles fitted 
with « goods » brakes. When the U. I. C. 
established these regulations all the ele- 
ments which could influence the value of 
the weight-brake were taken into consi- 
deration. It was considered tightly that 
the time for filling the cylinders and the 
value of the pressure at the end of the 
first period must be taken in consideration, 
in addition to pressure at the shoes, which 
is, as has been shown, the essential ele- 
ment to be taken into consideration in 
determining the weight-brake. This latter 
is therefore given by the formula : 


B= 10 
See 


in which B is the weight-brake of the 
vehicle; 


p is the force on a shoe, measured during 
running i. e., taken to equal 9/8 of the 
force, measured when stationary without 
straining the brake rigging; 


~ 
~_ 


is the number of shoes per wagon; 


y is the coefficient, the average value of 
which is equal to unity, but which varies 
between 1.291 and 0.662, according to 
the characteristics of the brake, i. e. 
the pressure at the shoes, the time to 
fill and the value of the force at the 
end of the first period. 


If it is justifiable to include the value 
of the pressure obtained at the end of the 
first period in the elements which must 
determine the weight-brake, it is necessary 
on the other hand to be extremely cau- 
tious regarding the influence of the time 
taken to fill the cylinders. 


Consultation of the tables of the values 
of the coefficient y published by the 
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U. I. C. will show that the time for filling 
cylinders influences too strongly the value 
of the weight-brake. An example will 
show more clearly the importance of this. 
For a force at the shoe of | 500 kg and a 
pressure at the end of the first period of 
1/Sth of the maximum pressure, the 
coefficient value is 1.047 if the time of 
filling is 28 seconds, 0.911 if this period is 
44 seconds and 0.805 for a period of 
60 seconds (an extreme case when the 
triple valve is mounted on the locomo- 
tive). Consequently, if the coefficient y 
is extended to brakes on passenger trains, 
this coefficient will reach values greater 
than 1.2 in the example mentioned above. 
This shows that the tonne-brake «goods» 
represents approximately 70 % of the 
value of the tonne-brake « passenger ». 
This 70 % however, corresponds to a 
particular case implying a pre-determined 
speed and braking distance. 


As will be seen later, a tonne-brake 
goods can, at high speeds and for short 
stopping distances, only represent 20 % of 
a tonne-brake « passenger », whilst it 
would be equivalent to 96 % of that 
tonne-brake « passenger » at low speeds 
and on long braking distances. This 
shows an element varying as much as the 
coefficient y figuring in the formula of the 
U. I. C., which should not be embodied 
in the value of the weight-brake. 


The most difficult problem to resolve 
in order to use the same formula to 
calculate the stopping distances for both 
« goods » and « passenger » brakes, is to 
be able to evaluate as accurately as pos- 
sible the «loss of efficiency » resulting 
from the progressive application of pres- 
sure, which we will call the « delay ». 
This « delay », expressed in seconds, will 
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be of an assumed figure and will incorpo- 
rate not only the parabolical form of the 
curve of the momentum, but also the 
decrease in the braking coefficient when 
the pressure increases. This is shown in 
Appendix 2, friction resulting from the 
application of the force Q multiplied by the 
coefficient f can be replaced by a force 
Qmax multiplied by the corresponding 
value of f, so long as this force is assumed 
to act after a delay of T seconds. 


This delay can be assumed to be 11 
seconds for « goods » brakes the filling 
of the brake cylinders of which is carried 
out in 40 seconds. 


For mixed brakes working in « pas- 
senger » position, as well as for « ordinary 
action » brakes with which certain coaches 
are equipped, there is a lesser delay 
which is not negligible, with regard to 
« rapid-acting brake », with which pass- 
enger vehicles running on certain railways, 
especially in Belgium, are fitted. This 
delay can be evaluated at one second. 


It should be noted that this assumed 
delay can, for example, reach 15 seconds 
for a locomotive, the brake cylinders of 
which fill in 60 seconds and which will 
drop to seven seconds for a brake, the 
cylinders of which take 28 seconds to fill 
(the lowest limit permitted for interna- 
tional traffic). 


It will now be seen how the classical 
formula established for rapid-acting bra- 
kes can be altered so as to permit the 
calculation of the percentage of weight- 
brake necessary for passenger, express 
freight and ordinary goods trains when 
there is a known stopping distance and 
initial speed. 
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IV. Establishing a formula applicable to 
all trains and giving a percentage of 
weight-brake necessary for different 
speeds and various stopping distances. 


What is going to be shown regarding 
the delayed action of certain types of 
brake will enable the customary formula 
to be altered : 

4.24 V2 


 mb+r FM 


(7 being the gradient of the line in mm/m). 


It will be sufficient to add to this 
stopping distance the length L’ corres- 
ponding to the time lost T before the 
maximum force is felt. 


W 
This length L’ will be equal to 360 


T 
et Wis x, then the formula will become: 


4.24 V2 

L= _ xV, 

mb + r—i 

from which : 

ae 4.24 V2 
mb + r—i Py 

4.24 V2 : 
(ee sa ") 

Dee i = 
m 


The solution of 6 is therefore possible 
by this formula. However, to ascertain 
by what amount the value of the retard- 
ing force m is affected by the delayed 
action of the brake, this formula can be 
altered by multiplying throughout by 
L— xV 


It should be noted that, for 


gentle gradients, the quantity 7 — ris 
very small in relation to other figures in 
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the formula. The following is finally 


obtained : 


4.24 V2 : 
—+G—7 
19) 

iL, 


b= 


m 


These are the values of the denominator 
of this fraction which have been shewn 
in Appendix 3 both for « goods » brake 
and «passenger » brake. The curves 
shewn in this graph enable the existing rela- 
tionship between a tonne-brake « goods » 
and a tonne-brake « passenger » to be 
calculated for a pre-determined speed and 
stopping distance. Thus : for the speed 
of 80 km/h and the stopping distance 
of 800 m the following is found : 


L—0.3 V 
m — =7] 
L 
for « passenger », 
L—2vV 
m — —— = 64 
il 


for « goods » (where T = 7 sec.). 


The relationship « goods »/« passen- 
ger » 1s, therefore, 64 7 77 = 0.83: 


At the speed of 50 km/h and for a 
stopping distance of 1 200 m this rela- 
tionship will be higher, 96 : 104 being 
obtained, i. e. 0.92. On the other hand, 
if the stopping distance is reduced to 
400 m for example with a speed of 60 km/h, 
the relationship « goods »/« passenger » 
decreases appreciably to 65 : 87 = 0.75. 
Also, for very short distances, i. e. 200 m 
this relationship becomes very much 
reduced even at low speeds 92 : 124 — 
0.74 at 30 km/h and 15 : 70 = 0.214 at 
80 km/h. 


It should be recalled that in its last 
form, the formula giving the value of 
b is no longer applicable if the gradient is 
very steep. Ir was agreed that the term 7 
—  r was weak compared to the others, 
that is to say, when m is about 60 to 120 


24 Mis: 
then the other side is ee when it is 


assumed that V is not too small and L 
not too large. However, on lines having 
a steep gradient V is reduced and L in- 
creased, so that the values of b do not 
become negligible for the formation of 
trains. This argument shows that lines 
having steep gradients must be treated 
separately. As regards what is a steep 
gradient, that is a very difficult question, 
experience showing that for braking, a 
continuous gradient of 10 mm/m (10 °/o0) 
for 10 km can constitute a greater danger 
than a gradient of 25 mm/m (25 °/o0) for 
an appreciably shorter distance. 

Regarding the values of m and r, which 
are in the above-mentioned formulae. In 
the first place, it should be recalled that 
they deal with average values chosen 
between starting and stopping. 

Concerning the value of r, resistance to 
running, safety precautions lead to a too 
low value being taken in relation to the 
real, or calculated values, which are used 
to determine the drawbar resistance of 
a train. 


A value representing an acceptable 
compromise between the various possible 
compositions of a train must be chosen. 
Two extreme cases are taken, a passenger 
train with few coaches (a locomotive 
drawing three or four coaches) and, a 
goods train composed of ‘sixty or even 
more vehicles. In old formulae used to 
determine the stopping distance of goods 
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APPENDIX 3. 


Explanation of French terms : 


——-—— Trains braked by freight type brake. 
Trains braked by passenger type brake. 
Variation of the retarding force M plotted against stopping distances. 
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trains fitted with hand brake, this problem 
was solved very simply by reckoning on a 
uniform resistance of three kg/t. Re- 
garding passenger and express freight 
trains, the composition of which is more 
uniform, the formula has been chosen 
previously : 


Me kg/t 
aS == 
Tiare 
Regarding the value of m (average 

retarding force), it is proposed that for 
the particular case of trains braked 
according to « passenger » (but not rapid 
acting) 


iM) = Dil> 


Vv — 20 


it being understood that this formula 
only applies between the speed limits of 
70 to 140 km/h. These values were 
proposed by the appropriate Sub-Com- 
mittees atethe =. Ie CavConfterencesin 
Amsterdam in February 1948 and were 
approved by the main body of that 
organisation. Lack of opportunity and 
the opposition of two railway Adminis- 
trations whose regulations required less 
percentage of weight-brake than those 
given by this formula alone delayed its 
publication. However, the proposed law 
of variation for the retarding force gave 
the exact stopping distances found during 
the brake trials carried out on one of 
these two railway systems. These same 
trials also served as the basis for the work 
of the U. I. C. to determine as accurately 
as possible the most nearly exact weight- 
brake to be assigned to vehicles braked 
according to « passenger ». The U. I. C. 
reached the conclusion that a train running 
at 100 km/h on a level track has 52 ¥ 
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of weight-brake if it stops within 100 m 
and 80 % of weight-brake if it stops 
within the same distance from a speed of 
120 km/h. These two figures had served 
as the basis for the formula established 
with a view to standardising the brake 
regulations of fast freight trains under 
international regulations. Regarding the 
weight-brake of vehicles braked according 
to « passenger », the U. I. C. indicate a 
method of calculation which can _ be 
used by railway systems which cannotcarry 
out brake trials. It is sufficient for these 
railway systems to apply the formula : 


Be Pak 
in which : 
B is the weight-brake; 


P the sum of the force at the shoes of 
the vehicle; 


k a coefficient of which the values are 
given below and which varies with the 
function of P/n, n being the number of 
shoes per vehicle. 


. 750 1000 1500 2000 
Weetey  lesXO> shy 47 


Values of P/n (kg) 
Values of k 


2500 3000 3 500 
tl ily @ 


Values of P/n (kg). . . 
Values of k 


This table is similar to that given on 
page 739 where the coefficient k had the 
same significance, but where the values 
of the pressure at the shoes were expres- 
sed in kg/cm?. Comparison of the two 
tables shows that for the same pressure 
the values of k given by the U. I. C. area 
little less than those now _ proposed, 
which is natural as the U. C. I. values are 
intended for railway Administrations who 
must determine the weight-brake of their 
vehicles by calculation and not by trials. 
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The problem to be solved, in order to 
find a brake formula applicable to ail 
trains, was the choice of the values of 
m and r which were consistent with the 
conclusions reached by the U. I. C. when 
fixing regulations for the determination 
of weight-brake of vehicles braked under 
« passenger ». The first task consisted 
of determining a law of variation for the 
average values of m from every initial 


Vv 
d. As th Si 
spee s the value 57.5 V0 had been 


recognised as appropriate for speeds 
between 70 and 140 km/h for trains 
braked under « passenger » (ordinary 
acting), it was sufficient to modify it in 
order to take into account the improve- 
ment obtained by rapid acting. It is 
estimated that the replacing of 57.5 by 
60 in the above-mentioned formula is 
acceptable. For speeds lower than 70 
km/h the choice can be made between 
determination by integration or by the 
graph of the value of the average retarding 
force due to the variation of m shown 
on page 739; that is to say, in taking the 
values corresponding to /;5 on the curves 
shown in Appendix IA. With a view 
to simplification, however, an approximate 
law, preferably linear, could be used 
taking into account the results of trials 
as well as the actual values found in 
practice for the amount of the retarding 
force at low speeds. 


The choice of this latter solution, which 
is more simple, led finally to the values of 
m represented by the curve shown in the 
lower portion of Appendix 2 being decided 
upon. 

Regarding the values to be chosen for 
the running resistance r, which also 
entered the brake formula, the form for 
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passenger trains could not be used. 


20 
As a compromise between the values 
generally used for goods and those for 


passenger trains had to be reached, 


ea 
p= — 
40 


was adopted, therefore, as a _ general 


formula. 

This formula gives r = 3, a figure which 
has been used for a long time for goods 
trains running at 40 km/h, and it gives 
slightly poor results, and therefore con- 
sistent with safety, for passenger trains 
running at high speed. For speeds of 
100 km/h, r = 4.5 instead of 5 which was 


Vv 
found by the formula r = 0 should be 


used. 


VY. Graph for the determination of the 
percentage of weight-brake required in 
trains to stop in a given distance from a 
pre-determined speed. 


Although the formula given on page 743 
to calculate the percentage of weight- 
brake b, to stop a train in a distance L 
when running at speed V km/h, is rela- 
tively simple; fairly long calculations are 
involved when both the maximum speeds 
and stopping distances are concerned. 
Actually, on the Belgian Railways, for 
example the distances at which warning 
signals are placed, which are generally 
taken as stopping distances for brake 
regulations, vary with the gradient and 
with the nominal speed of passenger 
trains running on the line. The nominal 
distance is, in effect, 800 m for lines 
where passenger trains do not exceed a 
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speed of 100 km/h; it is increased to 
1000 m for speeds of 120 km/h and to 
1200 m on lines where the the trains 
can attain a maximum speed of 140 km/h. 
To these distances which can be used 
for gradients equal to or less than 5 mm/m 
(5 °/o9) a distance of 20 m is added 
(when V = 100 km/h) (or deducted for up 
gradients) or 30 m (when V = 120 km/h) 
for each millimetre per metre of gradient 
above 5 mm/m. If the field of application 
of the formula is within the limits of + 
15 mm/m. there are about 30 possible 
values for the stopping distance to be 
considered. 


In some cases much shorter stopping 
distances must be used, especially when 
running at low speeds, on a section of 
the line necessitating the placing of signals 
at very short distances. A good example 
are trains running in the Nord-Midi 
qunctions( Vi —= 50. kin) he Le 20am). 

The range of speeds (20 — 160 km/h) 
and the large variation found in the values 
of stopping distances justify the plotting 
of a nomogram which enables the solu- 
tion for varied conditions to be obtained. 

The nomogram with points in a straight 
line, given in Appendix 4 gives the ans- 
wer to various cases which can arise for 
both goods and passenger trains (!). 

The method of plotting is given before 
describing how it is used. 


The numerator N of the formula : 
424 V2 ; 
L ese) N 
ey) aD 
IL, 


Mm 


(1) A simplified nomogram is given in the 
addendum. 
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is plotted in the left hand portion of the 
nomogram, whilst the denominator D is 
calculated in the right hand portion. The 
value of b can be read on the inclined 
scale of b.percentages which join the ends 
of the vertical scales of the values of N 
and D. These values of N and D are 
themselves the result of a division made 
graphically on the values of 4.24 V2 and 
L — xV respectively, which must be 
divised by L. Regarding the quantity L 
— xV, this is also obtained graphically 
on two different scales, one correspond- 
ing to goods trains (x = 2), the other to 
passenger trains (x = 0.3). If the value 
T = 11 sec. is adopted, the « passenger » 
scale of distances can also be used for 
goods trains because then x = 3 in place 
On eZ. 

So that the nomogram is not further 
complicated, the addition of the term 
(i — r) to the numerator has not been 
resolved graphically. This term must 
therefore be added to the appropriate 
scale (scale N, or No, according to the 
choice of L, or L» for the stopping 
distances) to the value obtained by the 
intersection of the «N» scale by the 
straight line joining the point representing 
the stopping distance L to that corres- 
ponding to the initial speed (inclined V 
scale). 


One of the examples shown in Appendix 
4 is a passenger train which must stop in 
800 m (L2) from a speed of 100 km/h. 
On the No scale, the value 53 is found, 
which must be increased by (i — /r). 
H Z L 

owever, r = 2 + 40° 
If the gradient is 8 mm/m (8 °/o9) i —r = 
8—4.5 = 3.5. The point 56.5 which will 
be the value of N. 


that is to say 4.5. 
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How is the value of the denominator D 
determined in the example? The point L 
= 800 (Scale Ly»), and V = 100, having 
been marked in their respective scales 
on the right hand side of the nomogram, 
the straight line drawn by these points 
converges on the «passenger» scale onthe 
extreme right at the point 0.9625, which 


_ Lxv 
represents the value of the fraction - =: 


Following these operations, this value, 
0.9625 must, as is shown in Appendix 4, 
be carried over to the neighbouring scale 
marked » M », at a point which will be 
the beginning of the straight line passing 
through the figure 100 of the V> scale 
and reaching the value of the denomin- 
ator (73.5 on the D» scale). 


Finally, the value of the 5 percentage 
will be obtained by the intersection of the 
straight line) (No = 396.5) (D> = 73:5) 
with the inclined 5 scale. It is found 
ENA tee Te 


Taking a goods train running at 60 km/h 
and which must stop in 400 m on a grad- 
ient of 5.5 mm/m, the stopping distance 
can still be read on the L> scale. At the 
intersection of the straight line joining 
the point L (400) and V (60) with the N2 
scale, the figure of 38 is found which must 
be increased by i — r, that is to say, 5.5 
OS ne vale oliNusTa0: 


As the « goods » brake used corres- 
ponds to a retardation T equal to 7 or 
11 seconds (x = 2 or 3), the curve marked 
M or M’ will be drawn on the right hand 
side of the nomogram. In the first case, 


ib, 2 DN 
LM = 400 m, ps OU aiSeob: 


tained successively. This latter point, 
joined to the figure 60 on the V> scale 
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gives 64 on the Dy scale, 62.5 % is ob- 
tained on the b inclined scale. 
In the second case, the length H = 400 
is found on the same scale as that used for 
io 
passenger trains. Then ES plukas 0.55 
is obtained. This last point, joined to the 
figure 60 on the V> scale, this time gives 
51 on the D scale. The percentage requir- 
ed, therefore, becomes 78.5. 


Is is recommended that the scales 
shown by means of index | be used for 
low values of the numerator N, caused 
by long stopping distances or running 
at very reduced speeds. 

When the nomogram is being used for 
a train with rapid acting brake, the coef- 
ficient x becomes nil and the value of m 
is obtained by joining the point O on the 
V scale (right hand side) to the desired 
point on the V, or V> scales. The value of 
m is obtained, as in preceding cases, by 
finding on D, or Dp» the figure at the 
intersection of this scale with the straight 
line joining the point 0 to the correct 
point on the V; or Vp» scale. 


VI. Solving the equation of the movement 
of a braked train by graph. 


The establishment of the formula given 
on page 743 and its graphical solution as 
shown in Chapter V, supposes two condi- 
tions which are now restated. In the first 
case, it has been assumed that the gradient 
of the line in question would not exceed 
1S mm/m (15 °/o9) and it has been assumed 
that average values of the quantities m 
and r (averages between starting and 
stopping) are known. 


The values chosen, particularly for the 
quantity m, have been those found 
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through experience and used as a basis by 
the U. I. C. for the preparatory work in 
connection with the standardisation of 
brake regulations. It is now proposed to 
show how these values of m can be 
calculated, from the curves giving the 
different values of m in relation to speed. 


With this end in view, the well-known 
formula for the equation of movement 
was taken : 

EM?) 
in which j represents acceleration which 
is obviously negative in the case of 
braking. However, in the case of lines 
with a steep gradient, the lower brake 
force applied to goods trains during 
a first period during which acceleration is 
positive (effect of the gradient). The 
speed begins by increasing and, as braking 
is relatively weak, the speed of the train 
decreases very slowly and this phenomena 
gives the driver the impression that the 
brakes are not working. 

The movement equation is therefore 
written, in the case of a train : 


dy 604 ea Pipa 
I2+ To00 " ~ 1000! 
(i represents the gradient in mm/m). 


In order to bear in mind the inertia of 
the revolving masses it is written : 


1.088 P 
Ral 
where 
dy 2 p | 
ee ea OR Cle a Pa 
(Que 
2 


= mb 
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therefore we have 


dy mb + r—i 
ara Porto 
then : 
110 dv 


i igo ees 


By integration, the time ft which is 
necessary to stop the vehicle can be 
calculated, and the stopping distance is 
given by the formula : 
jt? 


But the integration of the formula : 


110 dv 
a {eee 7! 
will be fairly difficult if m is expressed as 
a function of vy. This integration can be 
relatively simple if it is agreed that m 
varies linearly with v (DOYEN formula). 
The integral comprises the Napierian 
logarithms. If a hyperbolic law of 
variation is adopted (e.g. PARODI-TETREL 
formula), the integral divides into two 
terms still containing logarithms. Finally, 
if, as proposed on page 739 a law in which 
the speed appears in the form of a cube 
root is used, the expression df leads to a 
term of which the integration is very 
laborious. 

In effect, if it is agreed that the law of 
variation is 


oT Goo 195 
i > ee OL = 


whilst the running resistance + is itself a 
function of speed according to the law 


Vv 


pi 0 speed, 


instantaneous 


BY? BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


expressed in km/h, is used), or again : 
ha 2-2 ONS y; 
After simplification the equation for 
the value of dt becomes : 
110 ¥/vdv 


1956 +2 Wy + O18 vWVv—i 


of which the integration implies the 
intervention of an equation of the 4th 
degree with imaginary roots. 


However, as has been already shown, 
the laws of friction are not known quan- 
titively, with sufficient accuracy to enable 
the integration of this expression to be 
carried out. It is for this reason that the 
graphical interpretation has been used, 
particulars of which are given below, 
showing it adapted to the particular 
problem of the equation of movement of 
a braked train. 


Appendix 5 shows the arrangement 
used to determine graphically the duration 
of the brake application and the stopping 
distance by means of two successive 
integrations carried out by taking a polar 
distance OP for the times and another 
polar distance OQ for the distances. 


The curve representing variation of m 
in function of speed is drawn in the first 
quadrant (ordinate and positive abscissae). 
The law adopted here is that correspond- 
ing to the opposite of the cube root but, 
of course, the process is applicable with 
other laws of variation of m in function 
of speed. 


The graph of the quantity mb + r—i 
will be obtained as follows : 

From the point 0, take a group of 
straight lines of which the angular coef- 
ficient equals —b. In order not to com- 
plicate the drawing, the straight lines 
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corresponding to the values of — 0.2, 

0.4, 0.6, 0.8 and — 1, only have 
been shown. It will be seen immediately 
that for a given speed the horizontal line 
obtained by the corresponding point on 
the curve of m and produced to the 
oblique line for the value of 6 for the 
given train between the axis of the ordi- 
nates and the oblique line in question, is a 
length equal to — mb. All that is necessary 
therefore is to add to this quantity the 
multiples r and 7 with their appropriate 
signs. It should be recalled that the 
resistance r, which will be taken as equal 


to 2+ is equally affected by the 


20 
« minus » sign whilst the gradient 7 has 
a positive value for the system of axes 
now being considered. 


It can therefore be concluded that the 
quantity mb + r—i represented on the 
same scale as that used for m is carried 
on the axis of the negative abscissae. 
It is sufficient therefore in order to proceed 
to the graphical integration to carry the 
time scale on the axis of the negative 
ordinates. 


AS 
dy mb + r—i 
a 110 
must be calculated, the problem is 


transferred to the speed curves in function 
of time, zero on this curve giving the 
braking time. In this line the primitive 
function is mb + r—i and the integral 
function is y. It is known that there 
exists between the scales used for these 
curves and the polar distance OP, a 
relation which, in the case in question, 
will determine the polar distance OP, as 
all the other elements are known (the 


9 ko /7 
RESOLUTION GRAPHIQUE DE 
L' EQUATION dt= 249%, 


Mber-t 
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APPENDIX 5. 
Explanation of French terms :? 


Graphical solution of the equation : 


110 dv 
a — 
mb + r—i 
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scale of the y’s is, actually, predeter- 
mined). 
This relation is the following : 
Scale of speeds = 
scale of times x scale of (mb + r — 1) 
See a ; 


The drawing scale being in cm : 


0.36 cmi-mjsecs = 
O2scmijseemn<s 005 cm/kg/ton 


110 OP 
which gives : 
LlOS< 020.05 p 
= - = lige 
os 0.36 : 


The polar distance OQ used for the 
second graphical integration, 1. e. for the 
determination of distances, is calculated 
in the same manner. For distances a 
convenient scale is chosen, bearing in 
mind the range of distances under consi- 
deration, for example 0.01 cm/m. 


Therefore, 


the distance scale 


Speed scale x time scale 
Sa ar £00 ae 
or 
0363402 
OO ies ioccm 


After these prelimanaries, two examples 
are given to illustrate the lines to use to 
determine graphically times and distances 
in connection with braking : 

1) with a passenger train braked at 
60 % from 120 km/h, on a level track; 


2) with a goods train braked at 40 °% 
running at 40 km/h on a gradient of 
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30 mm/m at the moment when braking 
commences. 


First example : 


(a) A range of speeds between 120 and 
80 km/h is considered and the average 
value, i. e. the instantaneous value of m 
for the speed at 100 km/h. 

The horizontal line corresponding to 
this value of m is produced to join the 
oblique line b = — 0.6 and thus — mb is 
obtained. This segment of straight line 
of a length of r = 7 kg/ton is produced. 
The vertical line is dropped and the 
point I on the axis of the negative abscissae 
is obtained. PI is drawn. The first side 
of the funicular polygon making up the 
diagram of speed in function of time will 
be parallel to PI. a parallel line is drawn 
to PI through the point corresponding to 
time zero and to the speed of 120 km/h. 
This parallel line cuts the vertical line 
through V = 80 km/h (limit of first 
interval chosen) to point No. | corres- 
ponding to a time of 26 1/2 seconds. 


(b) The same procedure is carried out 
for the second interval from 80 to 
40 km/h (average speed 60 km/h). Point II 
is obtained. The straight line 1-2 is 
drawn parallel to PII. The time which 
has elapsed since the commencement of 
the brake application is 51 seconds. 


(c) The same operations are carried 
out for the third interval which is within 
narrower limits because of the greater 
variation by m in the function of speed. 
Point II corresponding to the speed of 
30 km/h is obtained. 2-3 is drawn parallel 
to P HI. The time is 60.5 seconds. 

(d) The last interval covers the time 
which the train takes to slow down from 
20 km/h to stop. The point IV is obtained 
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and the polygon of speeds is determined 
by the side 3-4, giving the time necessary 
for braking, 1. e. 67 seconds. 


(e) To obtain the stopping distance, it 
is necessary to integrate the polygon of 
speeds by means of the polar distance 
OO 72 cm. ssl he imteeraly curve: will 
be a parabola of the second degree, the 
chords of which will be parallel to the 
straight lines joining Q to the points of 
the axis of the abscissae corresponding to 
the average speeds (100, 60, 30 and 
10 km/h) of the chosen intervals, whilst 
the tangents to this parabola will be 
parallel to the straight lines joining Q to 
the points corresponding to the speeds of 
the extreme values of these intervals. 


This parabola, the last tangent of which 
is parallel to the axis of time, finally 
gives the stopping distance, which in this 
Case: ise lh235 om. 


This result should be compared with 
that obtained by the application of the 
formula : 

4.24 V2 


= 
V V 
0.6 x 60 | | 
Vee aa 40 
where it will be found after calculation 
fate ie Oa ele eCiierencomol 


lessmcatie sa. 


Second example : 


It should be recalled that this deals 
with a goods train braked at 40 % and 
running at 40 km/h on a gradient of 
30 mm/m. 


As has already been admitted whilst 
studying the action of «goods » type 
brake, it can be admitted that the retar- 
dation corresponding to different action 
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of the brake is II seconds. This deter- 
mines the first interval of the graphical 
integration during which mb is nil and 
the only forces present are r and i. This 
time the quantity (r —) will be positive, 
and is represented by OF. A parallel 
line to OF is drawn through the point 
V —40 km/h and constitutes the first 
side of the speed polygon which shows 
a maximum of 50 km/h at the point /. 


If the second interval taken is that 
necessary to reduce the speed to 35 km/h; 
40 km/h is still used but is now considered 
as the average. 


Point G is obtained and the parallel 
line fig! is drawn to PG. It can therefore 
be seen that after only 72 seconds the 
speed has been reduced to 35 km/h. 


On the other hand, if a retardation of 
T= seconds is = adopted; the speed 
diagram becomes fgh. The maximum 
obtained is only 46 km/h and the speed 
after 75 seconds is reduced to 26 km/h. 

These examples illustrate the important 
role played by the more or less rapid 
application of the brake force whilst the 
train is running on a line with steep 
gradients. It can also be proved that 
when the speed diminishes as little as in 
the examples chosen) (b= 40.7, for 1 = 
30 mm/m) the distance run can be easily 
determined by considering the average 
speed attained in the long intervals of 
time and a second graph (with OQ as 
the polar distance) as for the passenger 
train, 1s not necessary. 


VII. Some particular cases of brake 
regulations. 


The methods of calculation described 
enable many questions regarding the 
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braking of trains to be solved. They 
take into account the initial speed at the 
moment of brake application, the per- 
centage of weight-brake, the gradient 
and the stopping distances, the latter 
usually being governed by existing signall- 
ing. 

The following are worth special men- 
tion : 

1) on lines having steep gradients, the 
problem of determining the percentage 
of weight-brake required to ensure suffi- 
cient brake power being available when 
« non-controlled release » air brakes are 
used (Westinghouse brake). Instead of 
having an initial speed to serve as a basis 
for the calculation of the stopping dis- 
tance, there are many initial speeds and 
an inflexible maximum speed which the 
train must not exceed in order to ensure 
safety on curves, e. g.; 

2) in case of breakaways on steep rising 
gradients the commencing speed of the 
rear portion of the train is zero. The 
stopping distance in this case must be as 
small as possible, otherwise it will be 
necessary to have a clear section behind 
successive trains (e. g. between a goods 
train and a rail car immediately following 
it) to ensure the safety of the following 
train. 

When the air brake was adopted for 
goods trains, certain railway Administra- 
tions retained the same values for their 
calculations as they had used for hand 
brakes. These formulae are generally of 
the following type : 


O/ : 
7 Ob-braking = y= 


2 is the running resistance for a speed of 
about 0. m’ is an average retarding force 
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of 140 kg/tonne, for gently rising gradients 
which gradually fall, or on the level, to 
80 kg/tonne, when the rising gradient is 
equal or greater than 28 mm/m. The 
reduction of m’ in the case of hand brake 
is justified by the following causes if 
there is a lag of, say, 30-60 seconds 
before the brakesmen have realised that 
there is a break-away and commence 
to apply their brakes. The train will 
have gathered speed proportional to the 
gradient and an increase in this speed 
will produce a corresponding reduction 
in the value of the retarding force applied 
to the brake shoes. 


What are the advantages of automatic 
air brakes in such a situation? Time is 
still taken to apply the brake, but much 
less, 7, 11 or 15 seconds according to the 
type employed. Consequently, the speed 
the rear portion gains descending the 
gradient will be much less. This enables 
higher values for m’ to be allowed, 
varying from 160 to 120 in place of 140 
te 80. In addition, the stopping distance 
required can be greatly reduced, 200 m 
for example instead of 2 or 3 km, which 
was used for hand brakes on_ steep 
gradients. 


The following table shows the reduction 
of the % of weight-brake which can be 
adopted for air brakes even in the hypo- 
theses where the assumed retardation 
begins in 15 seconds. 


The values of y for the air brake can 
be as given by the curve of the equation : 


y = (i— 2) log. 1.6 fi —2 


for the values of i equal or greater than 
10 mm/m. Below this figure, the value 


I 


ye A can be used. 
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Value for y: 


Gradient 
mm/m. 


Hand brake Air brake 


3) Goods type brakes which must be 
able to stop on a short distance. 


When the duration of the brake appli- 
cation is less than that necessary for the 
refilling of the cylinders, the adoption of 
an assumed stopping time (7, 11 or 
15 sec.) will simplify calculations and will 
give a small error which increases accord- 
ing to the reduction in the duration of 
the brake application. It is useful, 
therefore, to refer to the curve giving the 
variation of the force applied at the shoes 
plotted against time (see Appendix 2). 
The equation of retardation is, therefore, 
as follows : 


dy Py Pi 


f4 7000 1000 
in which f is the function of vy and p and q 
functions of time. 

If the value of fq is represented by 


unity at the moment when the maximum 
force is applied at the shoes, the value 


3 
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of fq at the various times from 0 until 
recharging is completed will be given by 
the following table : 


Gites s aoe OQ 5 10 15 20 sec. 
dan, se eo OO 0 0.36 0.59 0.70 0.80 
Timeageats ect DS 30 35) 40) sec 
esate 0.88 0.93 0.97 1.0 


the average value during the 40 sec. 
interval is 0.73 which corresponds to nil 
during Il sec. and maximum during 
2OFSCE; 


The determination of the duration of 
the brake application and the stopping 
distance can also be made by a graph 
similar to that shewn in the preceding 
chapter. 


4) Auto-speed braking applied to pas- 
senger trains. 


When passenger trains run at speeds 
higher than 120 km on a line where the 
signals are at approximately 1 000 metres 
apart, the weight-brake of the train must 
be increased to more than 80 % and may 
even exceed 100 %. The auto-speed 
brake can then be used, the principle of 
which is as follows : by the addition of 
a second brake cylinder, or by modifying 
the brake rigging, greater force at the 
shoes is obtained (e. g. double normal 
force) which must be limited, however, 
between certain speeds (e. g. between 
160 or 140 km per hour and 60 or 70 km 
per hour). When the speed is reduced 
to the lower limit an automatic device 
cuts out the action of the second brake 
cylinder or the equivalent arrangement. 
By this means a very powerful brake 
application is obtained at first which is 
reduced as the speed of the train falls 
below the limit, which owing to the 
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increased coefficient of friction may cause 
the wheels to skid through too great force 
being applied at the shoes. Auto-speed 
brakes can also be used for stopping trains 
which have to run at a fairly high average 
speed not exceeding a maximum speed 
of 100 or 110 km per hour, as shorter 
stopping distances can be obtained. It is 
sometimes said that a carriage fitted with 
auto-speed brakes requires longer stopping 
distances than those with normal equip- 
ment when the trains are running at speeds 
too low for the cut-out action to operate. 
This difference must always, however, be 
very small, otherwise this would lead to a 
brake system not in conformity with 
international regulations. 


Some figures are given below indicating 
the characteristics of auto-speed brakes 
and the performances which can _ be 
obtained. 


If with the normal equipment a _ per- 
centage b = 80 % is obtained, the addi- 
tion of a second cylinder doubling the 
force applied at the shoes will give, not 
a weight-brake of 160 %, but 

160 Me 

oe — 1218; 
1.26 representing the relation which 
should exist between the weight-brake of 
two vehicles, one of which can bring into 
play a force equal to half that of the 
other. 

The weight-brake will, therefore, be 
127 % from the initial speed (140 km per 
hour, for example), down to the speed of 
60 km per hour at which figure the action 
of the second cylinder is cut out. 

If the average value of m between 
140 and 60 km per hour is taken as 62, 
then mb will be equal to 62 x 1.27 = 79. 
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To this must be added the average running 
resistance, approximately 9 kg per tonne. 
On the level, therefore, mb+r_ will 
equal 88. 

Consider now speeds between 60 km/h 
and 0 km/h. The retarding force m 
equals 90 and the running resistance 
3.5 kg per tonne. The quantity mb + r, 
therefore, equals 72 + 3.5 = 75.5 in this 
case. The duration of the first and second 
periods of brake application respectively 
being proportional to : 

140 — 60 60 

—— and —— 

88 BS) 

for the first 80 : 88 = 0.91 is obtained and 
for the second : 0.7. The average retarding 
force, increased by the average resistance, 
to be taken into account for the whole of 
the brake application from 140 to 0 km 
per hour will be : 


140 
—— = 82.5 
Lee 
The stopping distance will be given by 
4.24 x 1402 
=: = 00S Fim: 


82.5 


The introduction of auto-speed brakes 
complicates the weight-brake on the 
vehicle. In the case considered above, it 
would appear that the following solution 
must be adopted : 


The normal equipment (one cylinder) 
corresponds to 0.8 and gives rise to the 
first weight-brake, but with the auto- 
speed arrangement the weight-brake is 
obtained by the following calculations : 

If we subtract from the average value 
82.5 appearing as denominator of the 
formula giving the stopping distance the 
value r = 7 kg per tonne, 75.5 is obtained. 
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On the other hand, the value of the 


retarding force m equals , that is 


60 V 
V — 20 
to say, 70 between 140 km per hour and 
nothing. Consequently, the division of mb, 
that is to say 75.5 by m (70) will give 1.08, 
that is, the percentage of average weight- 
brake produced by firstly the two cylinders 
and finally the single cylinder. 


In consequence, if P is the weight of 
the vehicle, the two weight-brakes will 
be equal to 0.8 P with the normal brake 
arrangement. 


1.08 P for auto-variable brake arrange- 
ment. 
ok OK ok 


CONCLUSION. 


In the introduction of the present paper 
the importance of the problems which the 
calculation of the braking of trains raises 
has been stressed and has shown some of 
the difficulties which are met when 
attempts are made to solve them. The 
aim has been to reduce these difficulties 
as much as possible by approximate 
solutions and the use of graphs. 

The multiplicity of cases to be solved, 
the necessity to incorporate rules which 
are sometimes very different, owing to 
the diversity of the brake systems used in 
international regulations, has made the 
whole of this problem very complex and 
it is not pretended that a definite solution 
has been found to all these questions, of 
which the surface only has been touched 
in many cases. 

As has already been said, it is not on 
the laws regarding friction that infor- 
mation is needed: the choice amongst 
so many laws and formulae proposed by 
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responsible authors and research workers 
has been overwhelming, but on passing 
from the theoretical to the practical side, 
from physico-mathematical study to regu- 
lations which must be read and understood 
by the operating staff of the railways, 
much less information is available. It is 
above all this lack which needs filling. 


Each railway Administrations inter- 
prets in its fashion results of trials in the 
laboratory or on the line and from these 
makes a more or less well chosen factor 
of safety; it is evident that those who 
wished to have some uniformity and 
clarity in their regulations, have found 
that they had undertaken a particularly 
difficult task. 


The international organisations, such 
as the International Union of Railways, 
which have laid down the basis of regu- 
lations of an international character on 
the subject of the use of brakes, the 
characteristics to be observed, the deter- 
mination of weight-brake, etc., have 
rendered a great service to all those 
responsible for laying down or modifying 
rules for the safe working of trains. 

It is because of our own personal 
experience of how much the exchange of 
ideas between railway Administrations and 
standardisation of regulations fills a very 
real need and opens up great possibilities 
for improving certain sections of existing 
regulations that we have tried to go 
thoroughly into various questions which 
have been barely touched upon by the 
International conferences or are consid- 
ered a delicate matter as they deal with 
principles or methods of calculation which 
have been in use over a long period. 

To sum up, we hope that we have 
enabled headway to be made in the 
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solution of some of these problems and 
have thus contributed to reconciling points 
of view which are sometimes divergent 
when everyone, in good faith, considers 
that in the general interest it is the other 
who must make the greatest concessions. 


2k ok ok 


ADDENDUM. 


The formula : 


1 [4.24 V2 Vv 
(es + j 2+ 
m Sy ( “a 
which we have altered in view of the 
nomograph in Appendix 4, can be retained 
in its original form and gives rise to 
another nomograph more easily read and 
has the advantage that it can be used 
whatever the value allowed for the 
coefficient x. 
The modified nomograph shown in 
Appendix 6 also consists of a combination 
of the nomographs in N of which the 


method of employment is_ described 
below : 
1. The first operation consists of 


determining the length /= xV to reduce 
the stopping distance L. It is obtained 
by joining the point representing speed 
(lower horizontal scale) to the value x 
(oblique scale) admitted for the type of 
brake under consideration (x = 0 for 
rapid action, x = 0.3 for ordinary action, 
x = 2, 2.5 or 3 for goods type brake). 
The length / is read on the horizontal 
scale of lengths (negative portion). L —/ 
is subtracted and the result carried to the 
scale of lengths (L). 


2. The point thus obtained on the 
scale (L) will be joined to the point 
representing speed indicated on the upper 
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horizontal scale (scale of 4.24 V2). The 
result can be read on the diagonal scale (J). 


_ 4.24 V2 
Thus the quantity: ———— 
E Vv 


is obtained. 


3 4.24 V2 
3. To the quotient. ———— 
L—xvV 


must be 


Vv 
added the algebraic expression / - = a} 


or i—r. The scale of (J) not being pro- 
portional this operation cannot be made 
graphically. 

To facilitate the calculations, the values 
of r in the function of V have been 
reproduced above in the nomograph 
as well as those of m (average specific 
retarding force). 


4. The result of the operation : 


4.24 V2 
Lesaver? 


having been placed on the scale of (J), the 
point thus determined is joined to the 
point representing speed on the Jef 


] 
vertical scale \scale of = The straight 


line thus defined meets the vertical scale 
of the straight line (b) at a point which 
gives the percentage of b. 


EXAMPLES. 


I. Let us suppose that we are looking 
for the percentage b needed to stop a 
goods train within 800 metres 
gradient of 5 mm per metre (x = 2.5) 
running at 70 km per hour. 


1. The first operation is to show 


625 metres on the scale of L. 
2. The second operation, which consists 


on a. 
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ANNEXE 6 
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APPENDIX 6, 
Explanation of French terms : 
Nomograph to soive..e 


762 


of joining the point 625 metres to the 
point 70 on the upper horizontal scale 
will give 33 on the scale of (J). 

3. G7) must bev added, that iseto 
say, J -—3./. Or 1225 (to the figures33 
previously obtained, which gives 34.25. 


4, Joining 34.25 (J) to 70 on the scale 


1 
saa 40 % is obtained on the scale b. 


II. To find the necessary percentage to 
stop using rapid action brake on 1 300 m, 
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a train running on level ground at 140 km 
per hour. 


LAS x= Cae al 00am: 


22°Vi== 140. iss joined tom the mupper 
portion and 64 is obtained on the scale (J). 


3. 5.5 is subtracted from 64 and 58.5 
is obtained on the scale (J). 


1 
4. 140 is joined to the scale — at 5825 
on the scale (J) and b = 83 %& is obtained 


[ 656 .21 (73) ] 


Retarders and intensified supervision cut 


switching damage to equipment and lading, 
by C. E. McCarry, 


Manager, Potomac Yard, Richmond, Fredericksburg & Potomac. 


(From the Railway Age.) 


IN: leone Wane, INiletrchra, Wel, 2 
determined effort on the part of the mana- 
gement to reduce the amount of physical 
damage to freight cars during yard classifi- 
cation has resulted in a reduction of about 
87 % in such damage, with, it is believed, 


necessary to trace the source of damage. 
For that purpose a report was inaugurated 
showing : (1) the initial and number of 
each. car found damaged in the classifica- 
tion yard after having passed, without 
exceptions, the initial inspection on arrival; 


TABLE I. 


Cars damaged in classification 


Northbound Southbound 
Cars Cars 
Wear Total cars mo damaged Total cars ee damaged 
classified Seer per | 000 classified donned per 1 000 
8 classified 8 classified 
1944 788 499 1 887 DB) 659 080 1 688* 2.56 
1945 703 812 2 607 3.70 589 967 DD IPay 3.61 
1946 682 928 1 860 Die. 589 834 | 27 23 
1947 585 715 980 1.67 534 937 591 Illi 
1948 550 696 789 1.40 500 786 345 0.69 
1949 503 421 242 0.48 459 738 155 0.34 
8 Months 
1950 335) ZY) 137 0.41 303 364 134 0.44 


* Southbound yard operated as « rider » hump prior to Oct. 22, 1945, with complete retarder 
classification effective Jan. 1, 1946. 


a corresponding decrease in injury to the 
lading of those cars. 

We realized early in our campaign to 
reduce damage to cars in classification that 
any study must include a report, prepared 
as early as possible after the completion 
of the day’s work, showing information 


(2) the number of the track in Which it 
was found; and (3) the extent of damage. 
This report is on the writer’s desk by 
9 o'clock each morning, and it enables us 
to determine the exact time such cars are 
classified over the hump and so to fix the 
responsibility with the car-retarder oper- 
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TABLE II. 


Cost of repairing damage occurring in classification. 


Northbound 


Cost per 
1 000 cars 
classified 


Total cars Cost 
damaged 


Cost per 
car damaged 


Total cars 


classified of repairs 


1948 550 696 $ 9 157 $ 11.60 $ 16.63 
1949 503 421 3 500 14.46 6.95 
8 Months 1950 3309299 2 255 16.46 6.73 


Southbound 
1948 500 786 $ 4013 $ 11.63 


1949 459 738 2 883 18.60 
8 Months 1950 303 364 2 707 20.20 


TABLE III. 
Impact register tests. 


As a further means of checking and controlling classification yard damage, periodical tests 
are made with impact registers, The results of the last two periodical checks are summarized 


as follows : 


Numbers 


Impacts registered by zones* 


Period of 
tests 


July 11-14 1950... 


AN SIS, IO), 


* Zone 1 and first half zone 2 
Second half zone 2 


Normal handling 
Borderline 


Zone 3 6- 7 miles per hour 
Zone 4 8- 9 miles per hour 
Zone 5 


ator or train crew involved. In order to 
keep the subject of rough handling always 
before those engaged in classifying cars, 
1.e., Car-retarder operators and train and 
engine crews, a second report is issued 


10-11 miles per hour 


daily which shows the initials and numbers 
of the damaged cars, time of classification 
and the track number and extent of 
damage. 


These reports, coupled with daily run- 


View of the southbound hump at Potomac A portion of the southbound classification yard, 
Yard, under floodlights, showing retarders. seen from the hump. 


7 

(Photo by Turner Studio.) (Photo by Turner Studio.) 

Three cuts of cars are in motion on _ the Southbound repair track, with wheels being 

descending side of the northbound hump. changed under Master Mechanic Kidwell’s 
The first car of the cut in the immediate direction. 


foreground has just entered the retarder. 


766 
ning statements which are constantly fol- 


lowed by the writer and members of the 


TABLE IV. 
Summary of car damage during a recent month. 


Broken couplers. . 
Carseoiimeentens 

Cars derailed . 

Train lines broken Re: hy: 
Lading shifted (including cars 


with ends or sides bulged) . 
Doorssdameasecdi ae ane 
End sills, center sills or end 

plates damaged . 
Miscellaneous. . 
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staff, and monthly reports similar to those 
reproduced with this article, plus disciplin- 
ary action if circumstances warrant it, have 
constituted the plan under which our suc- 
cess has been achieved. 

In addition, of course, a high standard 
of maintenance for the retarders and yard 
grades is necessary in order to provide the 
retarder operators with proper working 
tools. As a result of the better switching 
performance secured in this way the cost 
of repairs to damaged cars has been cut 
from more than $ 12 per 1000 cars classi- 
fied in 1948 to about $ 6.62 during 1949, 
and $ 7.77 during the first eight months 
of 1950. This is a not insignificant saving. 


[ 625 .244 (71) ] 


Canadian Railways’ 


refrigerator cars,’ 


by A. N. CAmpBELL, 


Assistant Vice-president, International Equipment Company. 


(From the Railway Age.) 


Few of us realize that 75 per cent of all 
the food we consume today is perishable. 
New York City could not subsist for more 
than ten days without cold-storage pro- 
ducts. Frozen foods are now staples and 
more than | 200 varieties have been put up 
in this way — everything from Chinese egg 


temperature conditions. Valuable plant 
bulbs, blood plasma, flowers, live lobsters, 
beer, wine and canned goods must be pro- 
tected as they are moved about the country. 
Rubber and ordinary honey bees — live 
bees — have been handled in refrigerator 
cars and the same cars have been used to 


An all-steel refrigerator car showing the underslung heater. 


rolls to fresh cocoanut milk. It is claimed 
that this method of preservation will keep 
foods for centuries, as evidenced by the 
fact that the flesh of huge prehistoric 
monsters found frozen in Alaska and 
Siberia was discovered to be quite edible, 
centuries after the beasts died. 

In addition to foodstuffs subject to 
deterioration in temperatures unsuited to 
their preservation, all sorts of other pro- 
ducts must be transported under controlled 


The car is one of a group of 
300 50-ton cars turned out by the Canadian National Transcona shops during 1948 and 1949. 


ship such things as ball bearings to prevent 
moisture condensing on them, damaging 
the fine finish. 

‘The demand for safe distribution of these 
commodities all over the continent has 
prompted the development of a railway car 
which will cool, keep and carry them. 
These cars must be capable of maintaining 
certain products at temperatures around 
zero on the hottest summer day, while 
other commodities must be kept at a tem- 


(*) This article is adapted from a paper presented before the Toronto Railway Club of 


April 24, 1950. 


768 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


perature above 32° when the Canadian 
winter reaches 45 to 60 below zero. Each 
commodity has a temperature at which it 
carries best — bananas at 60°; apples at 32°; 
bacon at 30°; and frozen foods at zero. 

In Canada, all of the refrigerator cars are 
owned and operated by the railroads. In 
the 1930's farsighted Canadian car designers 
took a different approach to the short- 
comings of the end-bunker refrigerator car. 
They chose to modernize their present 
ownership of the end-bunker refrigerators 
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adhere to all of the mandatory rules and 
requirements of the Association of Ameri- 
can Railroads and various laws of the 
United States and Canada. For example, 
no car of untried type can be offered in 
interchange until its size, capacity, and 
design have been approved by the Trans- 
portation and Mechanical Divisions of the 
A.A.R. In contemplating redesigning their 
refrigerator cars completely, Canadian rail- 
road engineers had no alternative but to 
start out with A.A.R. standards. They 


Interior of a Canadian Pacific refrigerator car. 
pipe is shown under the raised section of the floor rack. 


and to keep them up-to-date with latest 
designs of this car in the United States, but 
to build new cars along entirely different 
lines. 

They found this to be a difficult task. 
In the first place, an average of 20000 
freight cars belonging to United States rail- 
Ways operate over Canadian lines every day, 
while a like number of Canadian cars are 
operated on some or all ‘of the 540-odd 
line-haul railroads in the United States 
from coast to coast and from the Gulf to 
the border. 


The designer of the refrigerator car must 


The radiator 


used the latest types of trucks, draft gears 
and other running gear, all strictly in 
accordance with the requirements of the 
A.A.R. Upon these trucks they built a 
steel underframe and superstructure meet- 
ing all A.A.R. strength requirements, ac- 
tually following closely the A.A.R. standard 


design of steel-sheathed box car which has. 
of withstanding 


proved itself capable 
15 years or more of the.most rigorous rail- 
way service. 
Insulation. 
Inside the outer steel sheathing an addi- 
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tional steel shell is built, completely insul- 
ated from the outside frame by four to 
five inches of the best insulation obtain- 
able. Very careful planning was necessary 
to avoid any  metal-to-metal contact 
between the inside and outside metal 
shells. It is calculated that one bolt pas- 
sing from the inside to the outside of a 
refrigerator car can cause a heat loss of 
from three to four B.t-u. per hour. In the 
old end-bunker cars, heat loss in this man- 
ner was calculated at 27 B.t.u. per hour, 
or about 20 per cent of the total heat leak 
through the walls, floor and roof of a car. 
About 28 per cent of the area of the side 
walls of a wood-sheathed end-bunker car 
was not properly insulated due to framing 
members occupying space which should 
have contained efficient insulation. "Wood 
has more than four times the conductivity 
of good insulation. ‘Therefore, the dif- 
ference in heat loss between the modern 
Canadian refrigerator car and the old end- 
bunker car is considerable, explaining, in 
part, record savings in ice established with 
the new design of car. Moisture in the 
insulation has much to do with insulating 
value, hence the outside steel shell is sealed 
with riveted or welded joints, while the 
inside steel shell has welded joints which 
are flooded with asphalt as an additional 
vapor barrier. 


Overhead bunkers. 


Canadian engineers benefited from the 
experiences of a sister member in the 
British Commonwealth of Nations and 
based their design on that of cars built and 
operated by the South African Railways 
and Harbours Board. Under the insula- 
tion in the roof of the car shallow ice tanks, 
eight in number, are mounted so that they 
can be filled with ice from the roof of the 
car. These tanks retain a reservoir of cold 
brine in them even after all the ice load 
has melted. They hold about 7000 Ibs. 
of ice and salt when filled and, with a 
30 per cent to 70 per cent mixture, the 
temperature of the melting ice is 6° below 


zero. 
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Below the ice tanks are plywood drain 
pans which collect any condensation which 
may form on the surface of the cold tanks. 
The drain pans nested closely together 
form the ceiling of the car. The side walls 
are composed of shallow flues covered 
with plywood inside lining. ‘The floors 
are metal, welded at the joints so that no 
moisture can get down into the underframe 
or insulation. Floors are specially sloped 
and formed to clear moisture from the cars. 
Floor racks are designed to allow free air 
circulation under the load transversely, 
longitudinally and vertically through open- 
ings in the racks. 

Under the drain pans in the ceiling of 
the car there are meat racks. The Cana- 
dian car is an all-purpose type designed to 
carry any perishable commodity ordinarily 
shipped by rail. 


Underslung heaters. 


New Canadian cars are equipped with 
an underslung charcoal heater carried 
under the car where it can be quickly 
examined and serviced from the ground. 
This type of heater was developed about 
fourteen years ago by the Canadian rail- 
ways with the cooperation of the National 
Research Council. The device is much 
similar in principle to the portable char- 
coal heater, but is larger and more reliable. 
It has a firepot with an adjustable draft 
control, fed automatically from a magazine 
above holding 50 to 60 Ibs. of charcoal. 
Copper coils in the heater connect to heater 
coils under the floor racks through which 
anti-freeze heated in the firepot circulates 
throughout the car. Air, heated by the 
coils, rises through the load, evenly heating 
it by natural convection. Anti-freeze is 
used so that the liquid in the pipes will 
not freeze when the car is under refrigera- 
tion, or when it is traveling empty with no 
fire in the heater at Canadian winter tem- 
peratures. 

With the underslung heater, the differ- 
ence in temperature of lading at various 
locations is rarely more than a few degrees 
and no poisonous carbon monoxide gas is 
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liberated in the car to damage fresh meats 
or inconvenience men working with the 
cars. Tests are now being made in Canada 
with a thermostatically controlled heater. 
Canadian railroads are proceeding cau- 
tiously; they must be sure that a device is 
absolutely reliable under the most unfa- 
vourable conditions which may be encoun- 
tered before adopting it. 


Distance-reading thermometer. 


A distance-reading thermometer, located 
in the outside sheathing of Canadian refri- 
gerator cars, indicates at a glance what tem- 
perature exists inside the car at the top 
and bottom of the load. ‘This device is so 
designed that it is completely unaffected 
by outside temperatures or by temperatures 
which exist between the dials on the out- 
side of the car and the location where the 


temperature determination is desired. 


The outside charcoal heater under a Cana- 
dian Pacific refrigerator car. Heat is 
transmitted by liquid circulating through 
interior radiator pipes. 
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The air-circulation circuit 
in the overhead-bunker refrigerator car. 


When cars are not equipped with dis- 
tance-reading thermometers, it is a custom 
to light the heaters when the outside tem- 
perature goes down to a specified level. 
‘This is the only way protection for the load 
against freezing can be provided. Since the 
installation is not the same in all cars, 
heaters are sometimes lighted when they 
are not required and overheating damage 
results. When cars are equipped with ther- 
mometers which indicate temperatures of 
the load without opening the doors, arran- 
gements can be made to light the heaters 
only when the load requires it. Con- 
versely, readings of the thermometer on 
the side of the car indicate when reicing 
of the load is necessary in summer. Often 
the temperature inside a car is such that 
icing at some regularly scheduled icing 
station can be avoided. Without the ther- 
mometers, however, it is the custom to 
reice cars without regard for the imme- 
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diate requirements of the lading when the 
outside temperature at the time indicates 


that certain refrigeration protection is 
necessary. By the use of the distance- 
reading thermometers, a great deal of 


guesswork is eliminated. 


Further refinements. 


Since the original Canadian designs of 
overhead refrigerator cars were adopted, 
refinements have been added from year to 
year as experience and tests proved their 
worth. ‘The drain traps on one type of 
Canadian overhead car are located midway 
between the center and the ends of the car 
to keep the drainage away from the trucks 
and running gear, avoiding, in part at least, 
some of the corrosion of these parts which 
results from their exposure to brine drip- 
pings in the ordinary type of car. Sliding 
doors, first applied for test several years 
ago, have now been improved and are 
being installed on additional cars for fur- 
ther tests. Still other refinements are now 
being studied. Canadian railroads in the 
past eleven years have placed in service 
nearly 3000 units of the Canadian over- 
head type refrigerator car. They have 
invested over $ 35 million in them. Now 
let us see what they obtained for their ini- 
tiative, ingenuity and investment. 


The « Prooi of the Pudding ». 


With the end-bunker cars, about 7 ft. of 


longitudinal floor space — over 300 cu. ft. 
of the interior — is taken up by the ice 


bunkers and, owing to the necessity for 
allowing space at the sides, at the center 
and over the load for air circulation, only 
a part load of perishables can be handled. 
In the overhead-iced car every cubic inch 
of loading space can be utilized. Prior to 
the war the average load carried in an end- 
bunker car was about 35000 Ibs. The 
overhead-iced car is often loaded to over 
90000 Ibs. and the load limit is over 
100000 Ibs. In addition, it requires con- 
siderably less ice which, of course, is dead 
weight on which the railway gains no 
revenue and for which the shipper pays. 
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In the end-bunker car perishables cannot 
be loaded higher than the top of the 
bunker bulkhead, otherwise the fiow of air 
is stopped and the load could not be cooled 
properly. Seven hundred fifty to 800 boxes 
of apples are carried in an end-bunker car, 
while the overhead car carries 1 152 boxes. 
The end bunker carries 550 crates of 
oranges, while the overhead car carries 
840 crates. As against 660 egg crates in the 
end bunker, the overhead iced car carries 
900 crates. 

In addition to freight charges, the rail- 


way patron — the shipper of a perishable 
commodity — must bear the cost of icing 
and heating. Refrigeration is usually 


charged for according to the number of 
tons of ice and pounds of salt used. A 
large precooled or frozen load costs no 
more to refrigerate than a small load. The 
overhead-iced car requires less ice than the 
end-bunker car and it is common for 
transcontinental loads in  overhead-iced, 
thermometer-equipped cars originating at 
Prince Rupert to require only one to three 
reicings en route, against seven reicings at 
regular icing stations 24 hours apart for 
an end-bunker car with a smaller load. 
Ice economies for the railway shipper may 
exceed $ 100 per trip. 

Along with these economies both to the 
shipper and the railway, the overhead-iced 
car does an all-around better job whether 
the commodity requires heating, ventilation 
or refrigeration. ‘The air around the tanks 
in the ceiling of the car is cooled and falls 
down through the flues behind the lining 
in the walls of the car. It is liberated 
under the floor racks and, as it picks up 
heat from the load, it goes straight up to 
the ceiling ice tanks where it is cooled 
again. ‘The air needs to travel only about 
25 ft. regardless of the length of the car, as 
against air travel of about 47 ft. in an end- 
bunker car. 


Problems yet unsolved. 
In spite of this record, the Canadian 
railways are not resting on their laurels; 
they are watching every development. 
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They would like to reduce the cost of 
building and maintaining their cars with 
their 500-odd different parts. They would 
like to be able to hold temperatures still 
lower at reasonable cost. They would like 
to be able to reduce their investment of 
millions of dollars in ice each year. 

Canadian railroads actually use about 
200 000 tons of ice each year for refrigerator 
cars. They buy about 300000 tons (about 
10 000 carloads) at a cost of over $2 000 000, 
as one third shrinks away before it is used. 
Ice is harder to obtain every year. Canada, 
the land of ice and snow, has found it 
necessary to import thousands of dollars 
worth of ice. 

Ice alone will not produce temperatures 
lower than 32° F. in the coldest part of the 
car. Ten pounds of salt added to 100 Ibs. 
of ice will produce a temperature of 21° 
above zero. ‘Thirty pounds of salt with 
100 Ibs. of ice will produce a temperature 
of 6° below zero. ‘The temperature in the 
car is, of course, somewhat higher than that 
of the refrigerant and the addition of a 
quantity of salt to ice, particularly, in an 
end-bunker car, is not a reliable indication 
of the temperature which will be obtained, 
as the salt rattles down through the ice 
to the bottom of the bunker. Residue from 
impurities in the ice, which runs as high 
as 10 per cent, forms a stone-like deposit 
in the drain pans and tanks of refrigerator 
cars. ‘The salt further provides a problem 
in that it quickly corrodes car parts and 
causes considerable damage to tracks and 
bridges as it escapes in solution from the 
drains of the car. 


Disadvantages of water-ice and salt. 


As much as 2600 Ibs. of brine may drain 
from one refrigerator car in 24 hours. 
Brine drippings cause thousands of dollars 
worth of damage to tracks, bridges, and car 
parts every year. ‘he report of the federal 
coordinator of transport published in 1935 
estimated damage to tracks and bridges in 
the United States from this cause may 
amount to $ 420000 per year. One Cana- 
dian railroad has tested out hundreds of 
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types of paint in the hope of finding an 
inexpensive miracle product which will 
resist brine corrosion without greatly in- 
creasing the cost of the cars. 

Canadian railroads have experimented 
with the use of dry ice which costs many 
times as much as water ice, but is about 
twice as efficient. Solid carbon dioxide 
melts at 109° F. below zero and is, there- 
fore, difficult to transport and store. This 
type of refrigerant avoids difficulties with 
brine and reduces the dead weight of ice 
transported about the country. However, 
the gas liberated from dry ice has a bad 
effect on the flavor of certain perishables 
and a discoloring effect on certain meats. 

Canadian railroads have experimented 
further and find that they can obtain tem- 
peratures as low as 15° F. below zero in 
their overhead cars with salts other than 
the sodium chloride (table salt) commonly 
used. The cost is considerably higher, 
however, and delays for reicing increase 
correspondingly. 


Mechanical refrigeration. 


As in Canada, United States refrigerator 
car Owners are experimenting with methods 
of refrigerating cars without using ice 
and salt. An ammonia absorption system 
was installed in a few cars several years 
ago. Ammonia carried under the car is 
expanded in coils inside, then absorbed by 
a tank of water. Special supplies and 
equipment for recovering the ammonia are 
required and further installations were not 
considered practical. 

About 20 years ago 80 cars were placed 
in service equipped with a refrigeration 
system which depended upon the adsorp- 
tion of the refrigerant by silica gel reac- 
tivated by a propane gas flame. Some of 
these cars were tried out in Canada. They 
were demonstrated as incapable of provid- 
ing uniform temperatures much lower than 
20° F. and, therefore, were considered to be 
no better than ordinary refrigerator cars. 

British Columbia packers are at the pre- 
sent time pleading for uniform zero refri- 
geration which even the overhead iced car 
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cannot provide. ‘The Canadian Depart- 
ment of Fisheries is interested and, as a 
result, a Canadian railroad car has been 
fitted up with a mechanical refrigeration 
system powered by two gasoline motors. 
This device, as far as railway operation is 
concerned, is still in the test stage. Its 
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Florida to New York and Boston. In tests, 
the cars were loaded at 8° below zero in 
75° weather, proceeded to destination and 
maintained the same temperature at un- 
loading. ‘The United States car line oper- 
ating these two test cars has now ordered 
ten more to be put in service this year. 


The sliding door now in use on some Canadian National refrigerator cars. 
Installed at the Transcona shops and put in service in Ma,. 1590. 


future is obscure, because the A.A.R. rules 
of interchange prohibit the free movement 
of cars equipped with machines using such 
fuels as gasoline, and it is doubtful if rail- 
road insurance companies will accept the 
risk of operating freight cars so equipped. 

Freedom of movement of railway cars 
equipped with machines using Diesel fuel 
ig not, affected by the A.A.R: rules. 
Recently a suitable Diesel engine has been 
developed in the United States and two 
cars have been fitted up with Diesel- 
powered mechanical refrigeration. These 
cars have been used successfully to trans- 
port frozen orange juice concentrate from 


It is obvious that, in the future, there 
will be new developments in the handling 
of perishable railway traffic so vital to the 
life and development of the nation and its 
resources. “Thousands of cars are involved, 
however, and every new development 
which is adopted must show a profit — 
in reduced building costs; in reduced main- 
tenance of cars, tracks, bridges or other 
facilities; in traffic held; in traffic gained; 
or in better service to railway patrons. 
When a device or design is proved to 
possess one or more of these advantages, I 
am confident that Canadian railways will 
be among the first to adopt it. 
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Performance of traction radiators, 
by J. L. Korrman, 


(From the Diesel Railway Traction.) 


In a radiator, heat is conveyed from the 
‘water to the inner surface of the tubes by 
convection, passes through the tube walls 
by conduction, and finally leaves the outer 
surface, mainly by convection and only to 
a small extent by radiation. However, 
since « radiator » has been adopted as a 
label for the heat exchangers concerned, 
this term will be used, though « cooler » 
or « convector » is more logical. The 
most effective radiator (or more precisely 
radiator matrix) will be that in which heat 
transferred from the engine cylinder jackets 
is dissipated with the minimum expenditure 
of space and weight and of power necessary 
for adequate supply of cooling air. However, 
considerations of reliability, maintenance, 
and production may necessitate a compro- 
mise at the expense of some loss of pure effici- 
ency, and many forms of matrix have been 
and are still being evolved in an attempt to 
find an optimum design. 


‘There are in general only two basic forms 
of radiator: that in which water flows 
through a nest of tubes exposed to a cross- 
flow of air, and that in which air flows 
through tubes exposed to a cross-flow of 
water. The suitability of any one type for 
a vehicle cooling system must be judged on 
the basis that the ideal radiator is that 
which needs the smallest space and fan 
h.p., is mechanically robust, and _ not 
susceptible to dust externally or to water 
deposits internally. These requirements 
are at present best met by gilled tube 
radiators with specially shaped tubes. The 
continuous gill and tube matrix ensures 
high rates of heat dissipation at relatively 
low values of air pressure losses; its draw- 
back is the possibility of water deposits 
clogging the tubes; this, however, can be 
much reduced by pressurising the system, 
which will reduce the amount of water lost 


through evaporation and avoid frequent 
topping-up, usually necessary with non- 
pressurised systems. 

One type of continuous gill and tube 
matrix is constructed in blocks incorporat- 
ing two, three, five, eight, and ten tube 
rows; two or more of these blocks may be 
used one behind the other with a gap of 
about 4 in. (usually) between individual 
blocks. The locked seam tubes are 0-525 in. 
long, 0-10 in. wide and are made from 
0-008 in. brass strips, and the gills are made 
from 0-004 in. copper strips incorporating 
small ridges or indentations to create addi- 
tional turbulence. The front edges of the 
gills are turned over to stiffen them and to 
give a finished appearance. They are 
soldered to the tubes. 


The flow of heat transferred from the 
radiator to the cooling air is given by : 
00 = VDA (he 122) =" UA AG (BTU 
min.|, - where. ©== rate ole heat flow: 
U = overall heat transfer coefficient [B.Th. 
U./q. ft) “Gnin.) 4F)]y AS=aadiaier 
frontal “area “[sq: it], “and “At=— 727, 
= temperature difference (T.D.) between 
the main body of water and air (F).* 

The radiator is a heat exchanger of the 
cross-flow type in which water and air 
travel at right angles to each other. The 
temperature of water is decreasing whilst 
moving through the radiator, and that of 


(*) On the subject of temperature designation, 
Max Jacob (« Heat Transfer, » Vol. I, p. 717, New 
York 1949) states that the symbol °F. should be 
used to show a certain point in the temperature 
scale, whilst F should indicate the units difference 
on this scale. Thus, whilst 100° GC. = 212°F.,, 
100° C = 180° F., as the sign ° denotes a point in 
the scale, but F. or C. alone designates the number 
of units according to the notation (Fahrenheit or 
Centigrade) concerned. 
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the air increasing. A temperature gradient 
can be drawn to show the change of tem- 
perature from water to air at any specific 
position along the radiator, but the tem- 
perature gradients at different positions will 
not be alike, as shown in figure 1. The 
distance between the lines indicates the 
difference in temperatures between the two 
media. The changing temperatures are 
shown by curved lines, for it can be proved 
by tests and mathematical analysis that they 
are not linear functions of the travel along 
or through the matrix. 


t3=190°F. 
i COOLANT t4=170°F. 
Ate T 
ye 
| 
At, 
t=135°F. | 
ay 
t,=60°F. 


Fig. 1. 


— Temperature distribution. 


‘The mean temperature difference thus is 
not the arithmetic mean At, i.e. not the 
average of the distance between the lines 
at the two ends; the true mean temperature 
difference is the logarithmic mean tem- 
perature difference At'in. 


Nin = (Ad, aio At,)/[loge( At,/ At,) | 
or 
(Atm = (At, — At,)/(loge At, — loge At) 
where : 


At, = Larger temperature difference [F], 
At, = Smaller temperature difference [F']. 


Figure 2 shows that if At, is not more 
than twice At,, the arithmetic mean tem- 
perature difference will be very close to 
the true or logarithmic mean temperature 
difference, but when At,/At, > 2, the 
error increases rapidly. ‘To simplify deter- 
mination of the logarithmic At, the fol- 


lowing 


figure 3. 
which water enters at a temperature of 
210° F. and leaves at 190° F., air enters 
the radiator at 100° F. and leaves at 150° F. 
Then At, = 40° F. and At, = 110° F. and 


are shown in figures 4 to 7. 
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can be written: At’, = Xe NT 


where Afg is the arithmetic mean temper- 
ature difference, i.¢., At, = (At, + At,)/2. 
Consequently X = At'm/ Ata = [2/loge( At,/ 
At)I}{(At,/ At.) — 1]/[(At,/ At,) — TI, ae. 
depends only on the ratio At,/ At). 


At,-At 
02 — = ! } eA | ee 
LOGARITHMIC Mtr Ta AG 
= | 
OO) O20 03 04 05 06 07) 08 0925 10 
At,/at, 
Fig. 2. — Mean temperature difference. 


The values of X can be obtained from 
For example, in a radiator into 


SENG fet eA nt) Ome From 


fioure 4 =X == 0-92 ‘sou that “Ai; — 09° Fe 


The performances of a number of matrices 
As seen in 


ie] 
09 
RANGE OF TRACTION 
Se RADIATORS =| 
q 
i 
4 
Wt 
x 07 
0-6 
0:5 - - 
CO, Ae ey ek hae ee ae eh iy 
At,/Atz OR At2/At, 
Fig. 3. — Factor X for the determination of 
logarithmic mean temperature difference. 
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Fig. 4. — Performance of matrices with 8 gills an inch. 


figure 4, heat dissipation curves represent 
average values over the velocity range 
concerned. Values actually measured 
deviate slightly, particularly at air velocities 
below 20 ft./sec. The data have been 
ascertained for water at 160° F. and air 
at 60° F., i.e., a temperature difference of 
VQ0SsT-sthissiseequaltomAr — fiz —— ma) 2) 


ro 20 30 40 
HES W.G, 
4 5 (ee | 9 10 
DRAG COEFFICIENT Ca 
—?, (see fig. 1) and not to” Az. It will 


be sufficient to base the determinations on 
the use of At, as, with traction applications, 
some assumptions must often be made in 
the design stage, which justifies the use of 
methods which disregard minutiae in deter- 
mining Q. 

The values have been plotted on loga- 
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Effect cf gills on matrix performance (3 and 5 tube rows). 
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Fig. 6. 


rithmic scales because dependence of the 
variables on flow velocity thus becomes 
more apparent. « The linear scale, since 
it was first cut on the wall of an Egyptian 
temple, has come to be accepted by man 


100 
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400 


— Effect of gills on matrix performance (4 and 8 tube rows). 


almost as if it were the one unique scale 
with which nature works and_ builds, 
whereas it is nothing of the sort. Its sole 
value lies in giving due prominence to the 
differences and sums of quantities, when 
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— Effect of water velocity on performance. 
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these are what we want to display; but 
nature, if she has any preference, probably 
takes more interest in the ratios between 
quantities and is rarely concerned with the 
size for the sake of size »! 

In the writer’s experience, eight gills per 
in. is the optimum in fairly dusty conditions. 
With less, the matrix performance will 
suffer (fig. 5 and 6); with more, cleaning 
may have to be frequent. This amount may 
be exceeded when operating in reasonably 
clean air, and also if radiators are accessible 
for cleaning. 

The heat dissipation due to forced 
convection is given by Nusselt’s fundamental 
expression? which states : 


MD (DV e\e enn? 
lace | 


t 


where : 


h = surface coefficient of convection 


[B.Th.U./(hr.) (sq. ft.) (F)] 


D = diameter of fluid stream in ft. 
For non-circular sections D = 
4r, where rp = hydraulic ra- 
dius = cross  section/wetted 
perimeter 

k = thermal conductivity B.Th.U./ 
(hirs)) (sqe tt.) (Bite) 

Cio constant 

V = air velocity [ft./hr.] 

e = density [Ib./cub. ft.] 

. = absolute viscosity [lb./(hr.) (ft.)] 

Cp = specific heat at constant pressure 
[Bath Weis Ey 

hD/k = Nusselt number (Nu) 
DVo0/z = Reynolds number (Re) 
cp/k = Prandtl number (Pr) 


The values of k and yu depend on tem- 
perature; both, within the limits encoun- 
tered on railways, are practically indepen- 
dent of pressure, whilst o depends upon 
pressure and temperature. The Prandtl 
number is practically independent of press- 
ure, but curiously enough various authorities 
differ about its value for air. For example 
McAdams gives its value as 0-74 at 2120 F. 
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and states that « the effects of temperature 
and pressure are uncertain, and for the 
present it is recommended that Pr for gases 
be taken as independent of temperature 
and pressure, except near the critical 
region». E. Schmidt* gives the value of 
Pr as 0-71 at 0° C. and 0-708 at 100° C., 
whilst in the English edition5 of his book 
Pr is given as 0-696 at 32° F. and 0-695 
at 200° F. Brown and Marco® give the 
value of Pr as a function of temperature, 
though its value is stated to remain constant 
at 0-77 for air temperatures of 0 to 80° F. 
Above this, Pr is given as 0-76 up to 800° F. 
A check of these values shows Pr to oscillate 
between 0-77 and 0-755 within the tem- 
perature range we are mostly concerned 
here. Max Jacob, in his book mentioned 
above, gives Pr = 0-74 for all diatomic 
gases at atmospheric pressure and 212° F. 
In what follows it will be assumed that 
Pr = 0-74 = constant. Attention is drawn 
to these influences here, as the author did 
not make this as clear as would have been 
desirable in his article on the effect of air 
condition on cooling performance in the 
October, 1949, issue of Diesel Railway 
Traction. 

For fluids in pipes generally, C = 0-023, 
i = ass ciavel 7 == (004, “Iere ain, IPP == Wo 74! 
so that generally Pr®-4 = 0-886 = constant, 
Consequently Nu = 0-021 (Re)8. For 
fluids outside pipes, generally, McAdams3 
gives : 


Nu = 0-33 (Re)®6 (Pr)0-33 & 0-31 (Re)0°6 


This applies to not more than ten tube 
rows, the air flowing normal to banks of 
staggered, not baffled, tubes and Re 
exceeding 2000. Lander? suggests for 
tube banks : 


ING 0-20 aye Reo 


where value of f varies between 0-8 and 
0-1 for inline arrangement of tube banks 
and between 0-98 and 1-14 for staggered 
tubes (for Re = 8000). The velocity is at 
the narrowest point. 


Analysis of the data in figures 4 to 6 
shows that the heat dissipation is propor- 
tional to the 0-7 power of air velocity or, 
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more correctly, Re®7, 7.¢., Nu = C (Re)®%7 
(Pr)®33, For the radiators dealt with, the 
value of C (Pr)33 amounts to about 0-062, 
so that for the air side of the ten row matrix: 


Nu = 0-062 (Re)%7 


The area involved here is the total tube 
(primary) and gill (secondary) area (both 
sides). Since the ratio of these areas (with 
8 gills per in.) amounts to | to 4-45, for the 
primary area alone : 


Nu = 0-226 (Re)%7 


For the eighth row, eight gills per in. 
matrix, the corresponding values are : 


Nu = 0-07 (Re)®7 
and 


Nu = 0-33 (Re)07 


The drag coefficient values plotted in 
figure 4 have been calculated in accordance 
with the following approximate equation : 


Ca = 2[T,/(T, + 1) iP A/Psto1V 1?) 
where : 


Apst = static pressure drop [lb./sq. ft.] 


0, = air density before radiator [Ib. 


sec.2/ft.4] 
V, = air velocity before radiator [ft./sec.] 
T, = absolute air temperature before 
radiator [deg. R.] 
T, = absolute air temperature after ra- 


diator [deg. R.] 


The pressure drop data plotted in 
figures 4 to 6 shows that Aps; is propor- 
tional to the 1-75 to 1-8 power of V, or, 
more correctly, to the 1-75 to 1-8 power 
Gia themeiveynoldss. number t.c.) APs 
Const. < (Re)!*8, whilst Cg is proportional 
to (Re)—%2. The values shown are the 
mean over the entire range. Frictional 
pressure losses with streamline or laminar 
flow are a direct function of velocity, whilst 
with turbulent flow the losses are propor- 
tional to the square of velocity. As dis- 
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covered by Blasius in 1913 the magnitude 
of Re is the deciding factor in determining 
whether the flow is streamlined or turbulent. 
For smooth pipes the critical Reynolds 
number range is about 2 000-4 000. The 
critical Re is that below which, in a straight 
long cylindrical tube, disturbances in the 
flow will damp out. Above the critical Re 
disturbances never damp out. The critical 
Re so defined was found by Schiller’ to 
be approximately 2 350. 


5,4 AND 3 TUBE ROWS, 8 GILLS PER INCH 


CRITICAL THEORETICAL AIR VELOCITY V,,—FT./SEC. 


0) 20 40 60 80 i00 
AIR TEMPERATURE, °F. 


Fig. 8. — Critical air velocity through matrices. 


The corresponding critical velocity Ver 
for air at 0° F. to 120° F. passing through 
the matrices is plotted in figure 8. The 
action of the gill ridges and the tubes upon 
the flow pattern has not been taken into 
account; it is probable that because of 
these the critical velocities will be well 
below those shown. It is seen in figure 8 
that, as for the conditions on the air side, 
the pressure losses encountered by — the 
coolant are proportional to VI17, ze., 
Abe =" Const (Re)' 7) Them critical 
velocity for water at temperatures ranging 
from 100° F. to 260° F. is plotted in 
figure 9 for the tubes concerned. Here 
again the seam might introduce turbulence 
at slightly lower velocities. 


Water velocity has a relatively small 
influence upon the rate of heat dissipation, 
the latter being proportional to the 0-06 
power of the former within the range 
shown. 


CRITICAL THEORETICAL WATER VELOCITY V,, -FT./SEC. 


780 


The thermal efficiency or thermal ratio 
of a radiator is given by : 


io 


As for the data plotted in figure 4, the 
maximum temperature difference is 100° F., 
the rises in temperature of the air in F. 
and y per cent are nearly identical. 
Generally, a 4, of 65 to 70 per cent. should 
be aimed at. Inspection of figures 4 to 6 
shows that 7; is proportional to (Re)—%?. 

The dependence of the power required 
to force the cooling air through the matrices 
is shown in figure 10. The deeper the 
matrix, the lower is the power required to 
dissipate a given amount of heat, as the 
power absorbed is proportional to the cube 
of the air velocity whilst the heat dissipation 
is proportional to the 1-7 power of velocity. 
The use of larger radiators will also reduce 
the power required to drive the fans, but 
here space is the main consideration. 
Matrices made up of two or more blocks 
with suitable gaps between them in the 
direction of the flow (7.e., discontinuous fins) 
are uneconomical as regards space, weight 
and power requirements. In addition, their 
air passages are liable to clogging by dust, 
and so on, trapped in the gap, from which 
its extraction is difficult. 

The matrix types considered have a total 
area to frontal area ratio of 30, 48, 67 and 
68 for the 3-, 4-, 5-, and the 8- and 10-row 


8 gills per in. matrices respectively. The 
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Fig. 9. — Critical water velocity through matrix 


tubes. 
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HEAT DISSIPATION -B.TH.U./(SQ.FT)(MIN.) (100 F.T.D.) 


0-3 O4 O5 
AIR H.P. PER SQ.FT. OF FRONTAL AREA 


0-1 O2 


Fig. 10. — Air h.p. as a function of matrix type. 


ratio of free area (made available to the 
air flow) to frontal area is about 0-65, for 
the 3-, 4- and 5-row, and 0-67 for the 8- 
and 10-row matrices. The air velocities 
referred to in the various graphs, however, 
relate to the frontal area. The matrix 
weight is 8, 10-3, 12-6, 18 and 22-3 Ib. 
per sq. ft. respectively, when filled with 
water. 


Acknowledgment is made to the Chief 
Scientist, Ministry of Supply, for permission 
to publish this article. 
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Southern Region colour-light signalling. 


(From The Railway Gazette.) 


In 1946 the Southern Railway announced 
a four-stage scheme, to cost f£ 1750000, 
intended to provide continuous colour- 
light signalling between London and Brigh- 
ton. Such signalling has existed for several 
years below Coulsdon except on the old 
main line via Redhill. The area covered 
by this scheme is shown on the accom- 
panying diagram, from which it will be 
seen that it involves a complicated network 
of lines carrying a heavy electric suburban 
traffic. These were already equipped with 
power and automatic signalling at, and for 
a certain distance outside, the termini. The 
lines not so equipped had mechanical sig- 
nalling, working in conjunction with Sykes 
lock-and-block; this gave good service for 
some 50 years but was found to be in need 
of replacement. The increase in the train 
service also necessitated an improvement in 
track capacity. 

The work includes eleven new signal 
boxes and is being spread over six years; 
the first of the four stages, from Bricklayers 
Arms Junction to Norwood Junction North 
signal box, was brought into use on the 
night of October 7 and 8, 1950. The second 
stage, from Battersea Park to Selhurst, is 
planned to be completed in 1952. ‘The 
third stage, which covers the rather involved 
layout of lines at and between Norwood 
Junction and Gloucester Road Junction, 
and forms the link between the stage just 
completed and the second stage, will be 
brought into use in 1954, and the final 
stage, between East Croydon and Couls- 
don North, in 1955. The whole area covers 
98 track-miles, continuously track-circuited. 


The first stage. 


The new signal boxes are situated at 
Bricklayers Arms Junction (55 levers), New 
Cross Gate (71 levers), and Forest Hill 
(47 levers). Each has an all-electric type 
power interlocking frame, following the 
usual practice on the Southern Region 


lines, and the signal box structures are of 
the type already seen there with main- 
tenance staff accommodation, relay and 
apparatus rooms, accumulator rooms, stores, 
and working accommodation as required. 
Equipment associated with the main sig- 
nalling supply system is also housed ‘in 
them. These boxes have replaced eight 
mechanical ones containing 279 working 
levers. The route-mileage covered is seven 
(28 track-miles) and in addition to the 
signals controlled from the boxes there 
are 38 which operate automatically. 


There are 96 main and subsidiary signals 
of colour-light type, fitted with side lights 
and showing 4, 3, or 2 aspects, as circum- 
stances require. They are of long-range 
type and have aluminium alloy castings. 
The lamps are 12 V 25 W double fila- 
ment, separate transformers being housed 
in the signal casting to reduce the volt- 
ages, which for general distributive pur- 
poses is 110. There are also seven multiple- 
lamp route indicators and 13 junction indi- 
cators, mounted on top of their respective 
signals without additional supports, a new 
feature. The signal spacing provides for 
2 1/2 min. headway for following stopping 
trains. Shunting signals are of the disc 
type, solenoid operated and may be floodlit 
as necessary. 


There are 76 electrical point machines, 
mainly operated from 120 V accumulator bat- 
teries at the three new signal boxes, the bat- 
teries being float-charged by rectifiers; there 
are also stand-by rectifiers for direct point 
operation if necessary. Points up to 500 yd. 
are directly operated, but beyond that a 
contactor relay is employed and supply 
to the machine taken from a local recti- 
fier. Telephones connected to separate 
circuits are provided at all automatic and 
most controlled signals, giving train crews 
direct communication with the signal box 
concerned. 
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There are 140 condenser fed A.C. track 
circuits, single and double rail, incorpor- 
ating 150 auto and resonated impedance 
bonds. Track relays are, wherever prac- 
ticable, housed in the signal box relay 
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signalling circuits and single wire armoured 
lead-covered paper-insulated cables for sig- 
nalling power feeders. 

The cable route is almost throughout. 
surface concrete troughing, and the Mechan- 


Ny 
‘Y Ay 
AW 
SO 
SSS 


Bricklayers Arms Junc 


tH 
in Ncw CROSS GATE 


QBROCKLEY 


HONOR OAK PARK 
@FOREST HILL 


() SYDENHAM 


@PENGE WEST 


OEAST CROYDON 


()SOUTH CROYDON 


\ 


CXSELSDON 


©) PURLEY 


Existing Colour -light 

j Signalling 
AaCoulsdon North 

iN Continuous Colour -light 

iit Signalling to Brighton 


A 


1, 
1 


Diagram showing stages of work involved in completing 


London-Brighton colo 


rooms, local controller rooms, or the appa- 
ratus Cases of automatic signals. The instal- 
lation in general follows standard Southern 
Region practice using lead-covered multi- 
core cables — mostly 20 to 40 core for 


ur-light signalling. 


ical and Electrical Engineer’s 3.3 kW sup- 
ply cable is carried in it but in a separate 
channel — sand filled. The troughing units 
are 3 ft. long and 15 1/4 in. or 20 1/4 in. 
wide. Underground cable crossings are at 
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a minimum depth of 3 ft. 6 in. below 
sleeper level, the cables being in asbestos 
cement tubes encased in concrete. Large 
manholes are provided at the approaches 
to all such crossings. There are nearly 
25 miles of concrete troughing carrying 
800 core-miles of multi-core signalling 
cable, 280 pair-miles of telephone cables, 
dry-core lead sheathed, and single wire 
armoured, and eight miles of oil-impreg- 
nated paper insulated lead sheathed single 
wire armoured twin feeders from signal 
boxes to locations. ; 
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Behind each point lever is an illuminated 
« N » or « R » for « normal » or « reverse ». 

The illuminated diagrams have the track 
indications normally dark. That at Forest 
Hill is of the perspex transmitted light 
type, described in The Railway Gazette 
for June 30, 1950, p. 736, and has been 
installed there to enable experience with 
that design to be obtained. 

Magazine train describers enable the 
signalmen, merely by pressing an appro- 
priate button, to advise adjacent signal 
boxes of the next train, its class, and 


New power signal box, Bricklayers Arms Junction. 


Signal box details. 


The levers in the power frames have 
each two lock magnets, one for ordinary 
interlocking, and the other for track and 
indication locking. All signal levers are 
fitted with back or normal indication locks, 
but front or normal selection locks are not 
provided. Normal and reverse track locks 
are fitted to each point lever. Behind each 
signal lever are repeated all aspects of the 
signal it controls, red, one or two yellows, 
or green. Running and shunt signals also 
have an « F » light indication which, when 
illuminated, tells the signalman that the 
signal can be cleared by reversing the lever. 


destination, there being an instrument at 
the « receiving » box with descriptions 
corresponding to those on the instrument 
at the « sending » box. The receiving 
instrument indicates the first, second, and 
third trains, the indication automatically 
stepping up one as each first train is can- 
celled on passing. There are 15 sending 
and 15 receiving instruments, together with 
associated equipment. ‘There is also tele- 
phone communication with signals, adja- 
cent signal boxes, and « traffic control », 
the telephone positions being duplicated as 
necessary so that the booking lad also can 
deal with calls. 
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The relay rooms house main transfor- 
mers, fuses, rectifiers, and all the control 
apparatus on which depends safe opera- 
tion. The main signalling supply at each 
is 480 V from the Mechanical and Electrical 
Engineer’s portion of the signal box. Local 
distribution is at 110 V, but all automatic 
signal and other major locations are fed 
at 480 V. The controlling relays, of which 
there are 760 in the various rooms, are on 
steel racks conveniently placed for observa- 
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been completed. Whilst initially this has 
been provided for the signalling it 1s 
intended to develop it to distribute supplies 
for all ancillary purposes along its route. 
The whole of the power supply equipment 
comprising the 3.3 kV distribution system 
is arranged for supervisory control from a 
central control room at Waterloo. Arran- 
gements are provided to enable the equip- 
ment to be operated by remote or local 
control as required. 


Pre-cast reinforced concrete signal structure. 


tion, testing, and changing. ‘The fuse and 
cable termination panels, also of steel, are 
about 20 ft. long, and each fuse panel 
carries 500 to 700 fuses; 110 miles of flame- 
proof wire have been used in the signal 
boxes and relay rooms. 


Power supply and distribution. 


To provide the power for the whole 
scheme a 3.3 kV 50 c. p.s. three-phase dis- 
tribution system is being installed. When 
completed it will form a ring main between 
Waterloo and Croydon via Forest Hill and 
via Streatham. The first section between 
Waterloo and Croydon via Forest Hill has 


Power is taken at Waterloo from the 
London Electricity Board’s 11 kV_ three- 
phase, 50 c.p.s. system, and transformed 
to 3.3. kV for distributions to the signal 
boxes, where single-phase supplies are 
taken at 480/240 V. The equipment there 
comprises an 11 kV switchboard, a 500 kVA. 
11/3.3. kV three-phase transformer and a 
3.3 kV switchboard. The 11 kV switch- 
board consists of five metal-clad, horizontal 
draw-out type oil circuit breakers and one 
metering panel. Two of these circuit break- 
ers control two incoming feeders from 
the London Electricity Board; another cir- 
cuit breaker controls the supply to the 
transformer, while the remaining two cir- 
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cuit breakers are for future extensions. 
The output from the transformer is taken 
to the 3.3 kV switchboard, which is formed 
of three metal-clad, truck type, oil circuit 
breakers for controlling the supply to two 
outgoing feeders to the ring main. The 
rupturing capacity of each of the 11 kV 
oil circuit breakers is 150 MV A. and that 
.of the 3.3 kV circuit breakers is 25 MV A. 

A 3.3 kV three-phase stand-by supply is 
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covered and armoured cable of 0.2 sq. in. 
cross-sectional area. With the power cable 
iswlaidimaw 12a cores paper-insulated, lead- 
covered and armoured composite pilot 
cable, four of the cores of which are 
impregnated paper-insulated, laid up to- 
gether, and screened to form the pilot wires 
used in connection with a Translay system 
of feeder protection. The remaining 
8 cores are dry paper-insulated, and are 


New signals and junction indicators at Bricklayers Arms. 


available for feeding the distribution system 
in an emergency at the traction substation 
at South Croydon. ‘This is provided by a 
connection, controlled by an oil minimum 
type circuit breaker, from the substation’s 
33 kV bus-bars which are fed through the 
33 kV network from the grid. This 33 kV 
supply is transformed to 3.3 kV through 
a transformer of 500 kVA capacity. <A 
3.3 kV oil circuit breaker, together with 
its auxiliary equipment, is mounted in a 
kiosk. 

The ring main feeder is a_three-core 
3.3 kV impregnated paper-insulated, lead- 


arranged in two groups of four, to form 
the pilot wires used with the supervisory 
control system. These cables are laid 
generally in concrete troughing, partitioned 
to form two channels. One is used solely 
for housing the power cable, the other for 
the pilot and signalling cable. The Signal 
and Telecommunication Engineer's route is 
used where there are new signalling cables. 

In each of the new signal boxes where 
a 50 c.p.s. single phase supply is taken, 
accommodation has been set aside, sub- 
divided into three sections, one for the 
switchgear and auxiliaries, and two for 
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housing duplicate transformers. The switch- 
gear comprises a 3.3 kV switchboard formed 
of units of truck mounted, metal-clad, oil 
circuit breakers. One is provided to control 
the 3.3 kV supply to each of the trans- 
formers, and one or more to control the 
sectioning of the 3.3 kV system. Two 
standard sizes of transformers are used, 
namely, 50 and 30 kVA. ‘The low-voltage 
connections from these at each of the dis- 
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for operating the signalling equipment. 
The batteries are charged through metal 
rectifiers and are normally left on trickle 
charge. 

The whole of this new work has been 
designed, and the completed stage carried 
out, by the Signal and Telecommunications 
Engineer's Department, the number of men 
engaged varying between 50 and 150, as 
work progressed. The 3.3 kV distribution 


Relay room showing relay racks and fuse panel, Forest Hill signal box. 


tribution points are taken to change-over 
contactor equipment, arranged so that only 
one transformer is on load at any one time. 
In the event of failure of this transformer 
the supply is automatically changed over 
to the second. Supplies for the operation 
of switchgear and supervisory remote con- 
trol equipment are obtained from 60 and 
24 secondary cell batteries respectively. At 
the Waterloo control room special batteries 
of 50 Ah capacity are installed, but in 
general D.C. supplies for operating the 
power supply equipment at the new signal 
boxes are obtained from batteries installed 


system was designed and provided by the 
Mechanical and Electrical Engineer. 

In the construction of the signal boxes, 
designed and constructed by the Chief 
Civil Engineer, Southern Region, to the 
requirements of the Signal and Telecom- 
munications Department, different founda- 
tion problems were met with at each site. 
At New Cross Gate a reinforced concrete 
raft was used; at Bricklayers Arms Junc- 
tion, it was found necessary to put down 
in sitw piles about 30 ft. long; whereas at 
Forest Hill mass concrete piers were built 
in pits carried down to a gravel stratum. 
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As regards the superstructures, 13 1/2 in. 
brick walls throughout have been employed 
to give adequate insulation against damp- 
ness and temperature changes. The floors 
and roofs are of reinforced concrete with 
cavity ceilings and asphalt roof covering. 
Central heating is provided from a boiler 
below ground level. The resulting struc- 
tures are clean and satisfactorily dust-proof, 
well-lit naturally and artificially, provid- 
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to 30 ft., are of welded steelwork, metal- 
sprayed for long-term weather protection. 
These were supplied in two units each and 
were quickly erected on previously pre- 
pared reinforced concrete bases incorporat- 
ing heavy anchor bolts.. All are of clean 


appearance and calculated to require a 
minimum of maintenance and appear to 
possess adequate stiffness under conditions 
of some difficulty. 


Power locking frame and train describers, New Cross Gate signal box. 


ing a good standard of comfort for the staft 
and fire-resistant to a high degree. 

The signal supporting structures for this 
first stage in the work are all of the can- 
tilever type and are required to possess a 
high standard of rigidity to give a steady 
colour-light beam. The majority are of 
pre-cast reinforced concrete, each compris- 
ing one large unit of about 4 1/2 tons 
weight. ‘They were made in the Regional 
concrete works at Exeter and transported 
to the site by rail and quickly erected by 
crane on previously prepared bases of rein- 
forced concrete. The larger cantilevers, 
exceeding about 16 ft. and increasing up 


The work in general, with small varia- 
tions in certain details, follows the practice 
standard for some time on the matter 
of power signalling for electrified lines 
adopted elsewhere on this Region, thus 
maintaining circuit controls and methods 
of operation by signalmen already well 
established and found to give satisfaction 
under the prevailing conditions. While no 
very complicated layout is involved in this 
first stage, some of the later work, such as 
that around Gloucester Road Junction, 
Croydon, will cover a number of intercon- 
nection lines carrying frequent services over 
a considerable variety of routes. 


385. (06 .111 ] 
OFFICIAL INFORMATION 


ISSUED BY THE 


PERMANENT COMMISSION 


OF THE 


International Railway Congress Association. 


ENLARGED MEETING OF THE PERMANENT COMMISSION (Stockholm, 1952). 


LaESois :O; bes Ovllees Sai n@aias 


for discussion 
WITH THE NAMES OF THE REPORTERS. 


Ist SECTION : WAY AND WORKS. 


QUESTION I. 
A. — What are the new safety measures taken for level crossing of railway tracks by 
the Road in respect of the density, high tonnage and speed of the road traffic? 


In particular automatic signalling and closing of level crossings without keepers, worked 
by the trains themselves. 


Technical and statistical investigation in order to ascertain the relative safety of : 


1° level crossings with keepers, with the different devices to announce the arrival of 
the trains to the keepers; 


2° level crossings without keepers : 

a) without any self-acting device announcing the arrival of trains; 

b) with automatic signalling for the road-users; 

c) with automatic signalling completed by half- or entire gates. 

B. — Level crossing of railway tracks by road with a railway (suburban or urban) 
running alongside. 
Reporters : 
English speaking countries : 


Mr. Gilbert MATTHEWS, Operating Superintendent, Western Region, British 
Railways; Paddington Station, London, W 2, and 


NOVEMBER 1951 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 789 


Mr. S. WILLIAMS, Signal and Telecommunications Engineer, London Midland 
Region, British Railways; Euston Station, London, N. W. 1. 


Other countries : 


M. DONIZEAU, Ingénieur en Chef, Chef du Service de la Voie et des Batiments, 
Région de l’Ouest, Société Nationale des Chemins de fer francais; 20, rue de 
Rome, Paris (8°). 


3rd SECTION : WORKING. 


QUESTION II. 
What are the quickest and most economical means to carry out door to door service 
for railway transports? 


What are the best conditions of use of containers for small miscellaneous traffic 
(dimensions of the containers, conditions of ownership, tariffs)? 


What are the packing types to be recommended ? 
Reporters 5 
English speaking countries : 
M.M. G. de BRUIN, Directeur général de la S.A. Van Gend & Loos; Moreelsepark, 
Utrecht. 
Other countries : 


M. F. SAUVAGEAT, Adjoint au Chef Principal de Exploitation des Chemins de 
fer Fédéraux Suisses; Langgasstrasse, 16, Berne. 


4th SECTION : GENERAL. 
QUESTION Uf. 

Economic aspects of : 

a) discontinuing service on old railway lines; 

b) construction of new railway lines; 

with regard to the possibility of handling transport with other means. 
Reporters : 
English speaking countries : 

Mr. Arne SJOBERG, Chief Research Economist, Swedish State Railways; Stockholm. 


Other countries : 


M. MOULART, Ingénieur en Chef a la Direction de l’Exploitation de la Société 
Nationale des Chemins de fer belges; 17, rue de Louvain, Bruxelles. 


NEW BOOKS AND PUBLICATIONS. 
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The Directory of Railway Officials and Year Book 1951-1952. — One volume (8 1/2 Seles 
in.) of 626 pages. — London : Tothill Press Limited, 33, Tothill Street, Westminster, S. 


W. 1. (Price : 40 s. net.) 


The Directory of Railway Officials and 
Year Book 1951-1952 reaches with the 
present volume its 57th year of public- 
ation. 


The first edition was compiled from 
official sources and issued in 1895, and at 
that time some 270 pages sufficed to cover 
the text including an index to countries, 
an index to names of railways and the 
comprehensive personal index of railway 
officials, which is still a noteworthy feature 
of the volume. 

The present edition should prove at 
least as valuable as its predecessors in 
containing within the scope of little 
more than 600 carefully-condensed pages 
more comprehensive lists of officers and 
particulars of railways throughout the 


world than can be obtained from any 
other publication in any language. 
The information contained in _ this 


volume enables railway officers and others 
to keep in touch with the personnel on 
railways throughout the world for the 
exchange of information concerning 
research and developments in all phases 
of railway operation and maintenance. 


Official revision of entries has been made 
in the present volume for a number of 
countries from which details have not been 
received for many years. These include 
Japan and the U.S. S. R., and various 


(although not all) countries of Eastern 
Europe. A new entry is that for Saudi- 
Arabia, and particulars relating to Austria 
have been expanded. 


The order of the statistical and year book 
information has been rearranged to secure 
a more logical sequence. Sections which 
are entirely of historical interest have been 
omitted. Additions of great interest have 
been made (new loading diagram for 
British main-line passenger rolling stock, 
details of right and left hand running 
through the world, review of train accidents 
in Great Britain in 1949, etc.). 


All entries are divided into one of two 
main divisions, namely, British Common- 
wealth (regardless of dominion or colonial 
status) and Foreign. Each of these sections 
is again subdivided geographically into 
Continents as follows : 


Europe, Australia and New Zealand, 
Asia, North America, 
Africa, South and Central America. 


For ready reference purposes at the end 
of the volume will be found three indexes : 


1) an index to countries; 


2) a general index including all refer- 
ences to railways and statistical and other 
information; 


9 


3) a personal index of railway officials. 
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VI Congreso Panamericano de Ferrocarriles (Report of the sixth Panamerican Railway Con- 
gress). Havana, March-April 1948. — 6 volumes (7 * 9 7/8 inches) totalizing 3500 pages 


approx., illustrated. — 1949, Habana, 


M. Mercaderes, N° 208. 


With Buenos Aires as its headquarters, 
the Panamerican Railway Congress held 
its previous meetings at Montevideo. These 
took place in the capital of the Queen of 
the West Indies. The official ceremonies 
which preceeded and succeeded the meet- 
ings devoted to work were no less solemn 
than those in the capital of Uruguay. Many 
public meetings showed the interest taken 
by the Public Authorities in such a con- 
course of railway specialists. “Two decrees 
of the President of the Republic laid down 
the composition of the Organization Com- 
mission in the one, and the composition of 
the Cuban Delegation to the Congress in 
the other. 

This Congress is truly panamerican 
owing to the participation of all the South 
American Republics and various States of 
North America, for example Mexico and 
the United States. The great American 
Railway Association sent a large number 
of communications. 

In some ways, the organization is similar 
to that of our own sessions. It differs by 
the greater liberty left to the initiative of 
members in presenting reports, so long as 
those are connected with subjects men- 
tioned in the programme drawn up _ by 
the Permanent Commission. ‘There were 
18 such subjects, divided into six groups 
corresponding to the six working sections 
of the Congress. These six sections are 
defined as follows: Way and Works, Rol- 
ling stock and Traction, Working, Accounts 
and Statistics, Legislation and Administra- 
tion, and General Matters. 

So long as they are connected with the 
subjects given, the communications presented 
to the Congress can be simple reports of 
applications made or results obtained or 
studies developing a thesis and putting 
forward new suggestions. 


5* 


Imp. y Alm. de Papel 


«La Habanera », 


The reports are not published before- 
hand. After discussion by the sections, the 
suggestions are examined during plenary 
meetings at which it is decided whether 
they shall be published. Generally, it is 
decided that they shall be. It is these 
reports, together with the discussions by 
the sections and the suggestions adopted 
by the sections and at the plenary meeting 
that make up Volumes IJ to VI. 


Volume I contains the official documents: 
the organization decrees, the composition 
of the organization committee, the pro- 
gramme drawn up by the Permanent Com- 
mission, the regulations of the Congress, 
the list of works presented and the names 
of the reporters, the list of delegates, the 
Congress Authorities and the Sections and 
the agenda of the Congress. Finally, it 
gives the complete programme for the 
preparatory meeting, the solemn opening 
and closing meetings, together with a very 
complete report by the President of the 
Permanent Commission dealing with the 
position of the Association. The reporters 
are not the authors of the works presented, 
but those responsible for commenting upon 
them to the Sections. 


Full credit must be given to the editors 
for the original and animated character 
given to this document by the photographs 
included and the press reports, which are 
full of picturesque details. There are even 
caricatures to enliven things. 


The Congress had 118 communications 
to examine. In general, these were inspired 
by the preoccupation to make the construc- 
tion and maintenance of the permanent 
way, the rolling stock and the operating 
methods profit from the technical progress 
being made. In the matter of accountancy, 
the analysis of the costs has been extended 
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in order to determine the cost of the 
various methods of transport. Legislation 
is re-examined at the same time as the 
nationalization of the railways, and with 
the object of making the rates more flexible. 
Amongst the general questions, no one 
will be astonished to see the question of 
competition cropping up once more, to- 
gether with the ways of improving the 
railway services, and finally the problem 
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of co-ordination. Very deep studies were 
presented on these two latter subjects by 
delegates from various member countries. 

These reports of the Havana Meeting 
are a proof of the growing vitality of the 
Panamerican Congress and bring out very 
clearly the importance of the part played 
by the railway on the other side of Atlantic. 


E. M. 


SELLS (M. P.), O. B. E., M. T. Mech. E., M. I. Loco. E.—The Steam Locomotive of to-day. 


— One volume (5 1/4 x 


8 1/4 inches) of 250 pages with 160 figures and plates. — 1951, 


London, The Locomotive Publishing Co. Ltd., 88, Horseferry Road, Westminster, S. W. 1. 


This book was written for the benefit 
of the steam locomotive crews and main- 
tenance staff. It is based on the constant 
preoccupation to retain the highest possible 
degree of regularity, a striking quality 
which other methods of transport may well 
envy the railway. 

To achieve this object, it is not sufficient 
merely to have available well designed 
and well built stock, but a well trained 
and educated staff is also needed. From 
this latter point of view, such a book as 
this can be of great value. 

In the first group of chapters, the pro- 
duction of steam is studied under its 
various aspects fuel and combustion, 
steam as a fluid transporter of heat, the 
boiler and its accessories. | Superheated 
steam and superheaters are the subject of 
a special chapter. 

Details on the transformation of heat 
into work, the calculation of the tractive 
effort and powers lead the way to a study 
of the distribution system. Various very 
educational diagrams support the explan- 
ations of the cycle followed by the steam 
in the cylinder and the working of the 
Walschaert valve gear. | Drawings also 
explain the descriptions of the servo-motor 
reversing gear. 


In the chapter on braking, the author 


describes the vaccum and compressed air 
equipment, with numerous diagrammatic 
drawings intended to make it easy to 
understand the correct way of operating 
them. 


In the case of lubrication, it is essential 
to understand the characteristics of the 
various materials used. ‘The staff will find 
them briefly described, together with the 
methods to which they lend themselves. 
Their curiosity should be completely satis- 
fied by the explanations given of the hydro- 
static and mechanical lubricators. 


The next two chapters give a lot of 
information about the construction of the 
frame and mechanism. A knowledge of 
these constructional details will greatly 
facilitate the work of the engine crews. 
It is necessary to enable them to under- 
stand the measures to be taken in case of 
damage, such measures being described in 
a further chapter. 


A summary of the duties of firemen and 
drivers is given in two separate chapters. 
The wise advice given to the former about 
the management of the fire and the recom- 
mendations to the latter regarding the 
operation of the brakes under 
circumstances will be noted. 


various 


This second edition has been increased 
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by a new chapter on shop practice. The 
tolerances for adjustments, the limits of 
wear, the composition of ferrous and non- 
ferrous metals are amongst the details the 
great value of which will be readily appre- 
ciated. We must also mention the details 
regarding the maintenance of the super- 
heaters and the notes on certain applica- 
tions of electric welding. 


« The Way of Efficiency » is the title 
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of the last chapter in which are collected 
together certain important advices, the 
observation of which will largely increase 
economy and regularity. 

In an appendix the author gives the 
English and American methods of repre- 
senting the wheel arrangement by numbers 
and gives a description of the Berkley 
mechanical stoker. 

EM: 
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Annuario de Jos Ferrocarriles y de sus Transportes Complementarios 1946-1949 (Annual of the 
Railways and their Supplementary Transports ).— Published by the Railway Polytechnical 
Institute, under the direction of Alfonso Imedio Diaz, Doctor of Law, Divisional Assistant 
Manager, Head of the Passenger Traffic Department of the Spanish National Railways. — 
One volume (6 1/4 x 8 1/4 inches) of 462 pages. — Madrid, Instituto Politecnico de Ferro- 


carriles, Plaza de las Cortes, 3, primero. 


This book contains the official addresses 
of all the authorities having anything 
whatsoever to do with railway operation. 

First of all, there are the officials and 
organizations belonging to or attached to 
the Ministries. The most important in this 
connection is the Ministry of Public Works 
which includes amongst its attributes the 
control of the railways and consequently 
the General Management of the Railways, 
Tramways and Road Transport Services. 

Then “there are) the’ railways : + the 
R.E.N.F.E. (Red National de los Ferro- 
carriles Espanoles) i.e. the Spanish National 
Railways, the narrow gauge State Railways 
and private Railways, the Metropolitan 
lines and the ‘Tramways. 


Many international organizations, under- 
) to) 


[ 656 ] 


takings and institutions connected with the 
railways, the chambers of commerce and 
national and foreign industry, the trans- 
port offices are also included, with details 
of their head office and directors. 

Brief statistics are given to show the 
importance of the various undertakings. 

Ate thewrend omethe ss books stheres sma 
bibliography listing the chief periodicals 
and recent books dealing with transport 
questions. 


This annual will obviously be very useful 


in Spain, especially since the reorgan- 
isation of the R. EsNs BP? EY eAbroad it 
will be appreciated for the numerous 


commercial and administrative details it 
contains. 


E. M. 


Dr. Eng. PIRATH (C.), professor at the Technical High School of Stuttgart. — Die Grund- 
lagen der Verkehrswirtschaft. (The Foundations of the Economics of Transport). — Second 
Edition. — One volume (6 3/4 x 10 1/4 inches) of 316 pages, illustrated, 2 plates. — 1949, 


Berlin W. 35, Springer-Verlag, Reichpietschufer, 20. (Price : 


One of the striking phenomena of the 
economic life of our times is certainly the 
extraordinary development of methods of 


39 D. M.). 


transport. This is seen not only in the 
extension given to the existing methods 
of transport and the various improvements 
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from which they have been able to benefit 
thanks to technical progress, but also in 
the creation of new methods of transport. 

There is no doubt that the increasing 
number and variety of methods of com- 
munication meet the new and increasing 
demands. Industry, commerce, and social 
and cultural life, in perpetual evolution, 
daily require faster, or more frequent, or 
more convenient services. 

Does this mean that all the services 
offered to the public have always been 
conceived on rational lines ? Are the 
legislative and administrative measures 
intended to confirm the various undertak- 
ings in the role which naturally falls to 
them? These are questions whose solution 
involves lengthy studies and which vary 
from country to country. 

The definition of a rational transport 
policy and deciding the decisions to be 
taken in various cases necessitates preli- 
minary initiation and the constitution of 
a special documentation. From these two 
points of view, this book will be of great 
assistance to those with initiative or respon- 
sibilities to undertake in connection with 
transport matters. 

Doctrinal in character, it studies trans- 
port in general. It defines its economics 
and signification in the general organiza- 
tion of a country. It analyses the factors 
setting it in motion and the different forms 
in which it can be realised. 

A methodical study of the traffic, its 


[ 385 .1 (4) ] 


NoveMBER 1951 


distribution and its variations in locality 
and time leads to the examination of its 
relationship with the economic life of the 
country. 

Each method of transport has its own 
characteristics. The safety, the regularity 
of the service, the possibilities, the limita- 
tions, are all factors to be taken into 
account when it is question of choosing 
between several possible solutions or mak- 
ing extensions. In spite of their import- 
ance, they are still subordinated to their 
efficiency and usefulness for the com- 
munity. 

In these few lines, we have not tried to 
sum up the book, but merely to explain 
some of its leading ideas. Amongst these 
we must also mention the rational manage- 
ment of the undertakings and principles 
of organisation. 

As regards this always controversial ques- 
tion, we can read with interest the history 
of the relations between State and _ trans- 
port. In the same way the discussion of 
the circumstances in which competition 
develops and the advantages and possible 
dangers of unity of transport is a very 
topical matter. If we want to know the 
personal opinions of the author, we can 
appreciate them in the light of the argu- 
ments put forward. 

There is a copious bibliography at the 
end of the book and an alphabetical list 
of the subjects dealt with. 

E. M. 


The situation of the European Railways. Difficulties, causes, possible remedies. — One brochure 
(8 1/4 x 10 5/8 inches) of 38 pages. — Published by the International Railway Union 


(February 1951). 


Much has already been written on the 
financial and material situation of the 
railways, on competition and the organiza- 
tion of transport. Very detailed studies 
have appeared in this Bulletin in the form 
of reports drawn up for Sessions of the 
Congress where they gave rise to extremely 
interesting discussions. Yet, these efforts 


do not seem to have met with their due 
reward up to the present. The situation 
has not improved in any way, to the great 
detriment of public finances and the general 
interest. 

This note is a further report on the 
situation. It is also an appeal to the 
Public Authorities. It has the great merit 
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of being presented in a concise form and 
therefore is easy to refer to. The picture is 
lightly sketched in and the essential facts 
brought out, showing how they should be 
improved and what steps should be taken. 

The author first of all deals with the 
thesis according to which the railway is 
an outdated method of transport no longer 
deserving of much attention. To those 
who understand the railway and_ the 
services it renders this may seem super- 
fluous. But in our opinion, it would be a 
mistake to consider as negligible a pro- 
paganda intended to weaken the moral 
credit of the railway. Certain sections of 
the press, who do not wish to find any 
other remedy than a reduction in the costs, 
tend to spread the belief that this will make 
everything perfect. The argument can be 
taken very far. Was there not recently a 
call for the « derailwayisation » of Europe ? 
It is very good to have some counter-pro- 
paganda showing the inanity of such ideas 
and making known the role and importance 
of the railway. 

To characterise the present situation, the 
author analyses the burdens and obligations 
which continue to weigh upon the railway 
whereas the monopoly which justified them 
has disappeared. He shows how this has 
led to a situation which everyone will agree 
is deplorable. 

Whilst crying out against the wrongs of 
this regime, the managements of the rail- 
ways have done everything possible, in spite 
of the chains which impeded them, to limit 
or correct the effects of this state of dise- 
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quilibrium. Yet the improvements made 
in the operating and in all the supple- 
mentary services are still inadequate. The 
note demonstrates the need for a radical 
modernisation of the railway which could 
be done if the Public Authorities would 
support the programme outlined without 
reservation. In what direction should the 
Public Authorities act? This is what the 
note indicates in this chapter and makes 
clear in the succeeding chapter by detailing 
the remedies on the national scale. ‘This 
will also require as their essential comple- 
ment remedies on the international scale, 
as it is not possible to leave the field free 
for inordinate competition if the effects of 
these reforms are not to be spoilt. 

In the chapter devoted to general con- 
clusions the author gives a view of the 
steps proposed as a whole and restates the 
dilemma. Either the railways, which are 
a necessary part of the life of the country, 
must be left to live normally and march 
forward as progress is made, or else we 
must be resigned to seeing their finances 
remain in this mess and impede every 
effort they make to fulfil with dignity their 
role of public service. 

It is to be hoped that this study will 
be widely read. With well-found argu- 
ments, based on the general interest and 
issued by an organisation which includes 
undisputed authorities, it should have the 
privilege of attracting the attention of the 
responsible Authorities to the true aspects 
of the railway problem. 

Me 


LAMALLE (U.), Civil Engineer of Mining A. I. Lg., Honorary General Manager of the 
Belgian National Railways. — Professor of the University of Louvain. — Cours d’exploita- 
tion des Chemins de fer, Tome III : La Voie.— ( Railway Operating Course. Volume II: The 
Permanent Way). 2nd edition. One volume (7 7/8 x 10 1/4 inches) of 256 pages and 346 
figures. — 1951, Louvain, Librairie Universitaire Ch. Uystpruyst, 10, rue de la Monnaie, 
and Paris, Dunod, 92, rue Bonaparte, éditeur. (Price : 300 Belgian francs.) 


Some ten years have elapsed since the 
publication of the first edition of this work 
by M. Lamatie. During these ten years 
technique has made yet further progress, 


just as ideas also have suffered an evolu- 
tion, in spite of and partly because of the 
violent events which have shaken the whole 
world. 
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The need to reconstruct many miles of 
line has led to certain problems in con- 
nection with the superstructure being 
looked at in a different way. On the other 
hand, metallurgy has made further pro- 
eress and the economic crises, the effects 
of which are still being felt, have modified 
the conditions under which materials are 
purchased. Railway operators have endea- 
voured to an ever increasing extent to 
reduce the capital cost whilst not overlook- 
ing subsequent maintenance costs. 

Though it does not differ much from 
the first edition, this second edition bears 
the stamp of the most recent constructions 
and reflects the new ideas on the best 
methods available. In the May 1946 Bul- 
letin, a few details concerning the general 
programme of the work and its main 
developments were given. ‘There is no 
point in going into the matter again, but 
we would like to insist on the didactic 
character of the work as well as upon its 
great interest for professionals owing to 
the positive data and actual results which 
are given in support of the study. 

Addressing himself to engineers and future 
engineers, the author gives many examples 
of the influence of economics on the choice 
of solutions made possible by technical 
knowledge. In the case of new ideas, he 
defines the objectives the inventors , had 
in mind, as well as the pitfalls to be 
avoided and the points which experience 
has not yet proved. 

In the constitution of the superstructure, 
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the disfavour into which the bull-headed 
rail has fallen must be attributed to 
economic considerations. The same applies 
to the use of longer rails and a more 
thorough study of the rail joint. As 
regards sleepers, although interesting  re- 
searches and trials have been made in con- 
nection with the use. of ordinary concrete 
and prestressed concrete sleepers, certain 
reservations must still be made in view of 
the question of the fastenings and the cost 
of manufacture. 

Without detailing all the matters covered 
by this work, which is a complete study 
of the permanent way, we would like to 
make special mention of the very thorough 
study from the geometrical point of view 
of track equipment with details of a method 
for laying turnouts on curves. Apart from 
the fear that we might appear to be neglect- 
ing other equally important chapters, we 
would also like to draw attention to that 
dealing with the working of points and all 
the electrical and mechanical safety devices. 
Electric control of points in the case of 
urban tramway systems is one of the 
measures applied to facilitate the service 
and make its working more economical. 

To end, we would like to say that it is 
indeed fortunate that the success of this 
work has made it possible to publish this 
new and up to date edition which we 
recommend all those who have to deal 
with the construction and maintenance of 
the permanent way to read and study. 


1h, ME 


DOW (Georges), M. Inst. T., A. I. Loco. E.—The East Coast Route. — One volume (5 1/2 x 
8 1/2 inches) of 64 pages, illustrated. — 1951, London, The Locomotive Publishing Com- 
pany Ltd., 88, Horseferry Road, Westminster, S. W. 1. 


East Coast Route! ‘These three words 
evoke many memories in English hearts. 
The East Coast Route is the route linking 
up England and Scotland and is the field 
of many remarkable struggles where many 
records were established. 

The traveller, in the Flying Scotsman, 
who during the summer of 1936, covered 


the 393 3/4 miles between the two capitals 
non-stop, was not always conscious of the 
efforts that had been made over so many 
years to make such a performance possible. 

To measure this achievement, it is neces- 
sary to follow the author back to the year 
1840 and trace step by step the formation 
and welding together of the many links that 
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finally completed the chain. One of the 
difficulties was the existence of the many 
different companies. ‘Trains were only 
able to travel from London to Edinburgh 
by the present route without any retracing 
of their journey after 1906. Nor is the 
history of the thrust towards the north, 
as far as Aberdeen, any less striking. ‘There 
are two famous bridges on this last part 
of the East Coast Route, often called the 
Route of the Great Bridges, but not only 
on account of these latter: there is the 
celebrated bridge over the Firth of Forth 
and that over the Tay. 

Kings Cross (London) to Doncaster, 
Doncaster to Berwick and Berwick to 
Glasgow and Aberdeen are the three divi- 
sions of the East Coast Route over which 
the author invites his readers to follow him. 
In passing, he shows them the stations, the 
bridges, picturesque sites, the business and 
industrial centres, the railway junctions, 
the natural obstacles that the railway had 
to overcome. Great technical achievements 
like the signalling and up-to-date shops are 
not overlooked. ‘The incidents related, the 
anecdotes and dramas recited, throw into 
relief the work of genius, the audacious 
solution. A stop at York makes possible 
a tribute to the two venerable ancestors 
of our present day locomotives which are 
amongst the many objects on view at the 
famous Railway Museum. 

The most divers stock has run over these 
rails which now form a continuous route, 
from the Single Drivers in the case of 
the locomotives to the powerful stream- 
lined Pacifics designed to haul the Silver 
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Jubilee. The author calls to mind the most 
characteristic types. In the same way, he 
gives the noteworthy stages of the evolu- 
tion of the passenger stock. 

In a final chapter entitled : Some famous 
express trains of the East Coast Route 
the reader sees the rise of the famous stars, 
which illuminate the firmament of the 
East Coast Route. There is also a descrip- 
tion of the struggle between the East and 
West Coast routes. After various fortunes 
of war, this ended in the victory of the 
L.N.E.R. with the performance of the 
Flying Scotsman described above. 


Amongst the other famous trains cele- 
brated in this chapter, special mention 
must be made of the Silver Jubilee, the 
first streamlined English express train 
which from the autumn of 1933 linked up 
Kings Cross and Newcastle. ‘This was 
noteworthy both on account of the speeds 
reached during the preliminary trials, an 
average of 100 miles over a distance of 
43 miles and two peaks of 112.5 miles, 
and by the world speed record established 
on the run from Kings Cross to Darling- 
ton: timed at an average speed of more 
than 70 miles an hour over a distance of 
200 miles. 

The illustrations to this book, copious 
and varied as they are, are worthy of the 
great facts related. 

The author must also be applauded for 
the care he has taken to associate in his 


homage to the work the names of the 
famous men who shared in it. 


Ey M: 


WOLFE (Adolph, Dipl. Ing.), Dampflokomotiven der New York Centralbahn fiir hohe 


Geschwindigkeit. 


(The New York Central high speed steam locomotives). — One volume 


(6 x 8 1/4 inches) of 92 pages, with 62 figures and 2 folding plates. — 1951, Berlin W. 30, 
Georg Siemens Verlagsbuchhandlung Nollendorfstrasse, 28. (Price : 8.50 D. M.). 


There has been a profound and_ very 
rapid evolution of the locomotive in the 
United States of America within a few 
years. A new traction engine, the Diesel- 


electric locomotive, has gained the favour 
of many operators. It made a successful 
appearance in 1934 on the passenger train 
services of the Chicago, Burlington and 
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Quincy Railroad. Since then it has pro- 
eressed very rapidly. After having ousted 
the steam locomotive for hauling the best 
known express trains, it began to be used 
for the goods services as well. 

Today the steam locomotive is still in 
the majority in the stocks of the American 
railways, but it is rapidly losing ground, 
its new competitor being preferred when 
new orders are placed. 

This infatuation is not general however 
and the steam locomotive has its defenders. 
The author has not wished to join in the 
debate which has arisen on the subject, the 
decision must be left to the Companies. 
Amongst those who have taken up a radical 
position is the New York Central whose 
orders for 1948 and programmes for 1949 
and 1950 did not include a single steam 
locomotive. This decision is all the more 
remarkable as it was made by a railway 
which has been noted for a long time in 
the rational development of locomotives 
based on scientific research. 

Before coming to this turning point in 
the history of its rolling stock, the New 
York Central had designed as its latest 
types with wheel arrangements 2C2, 2D1 
and 2D2 some very remarkable engines 
both as regards their power and_ their 
very low specific weight. It is the emotion 
caused in professional circles which has led 
the author to take this opportunity of 
making a retrospective study of the develop- 
ment of the high speed steam locomotive 
on the New York Central. 

The study covers the period between the 
introduction of the Pacific in 1904 on what 
was then the Michigan Central to the 
creation of the 2D2 Niagara type which 
dates from 1945-46. So as not to make his 
book too long, the author has not given 
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a detailed description of all the locomotives 
at the various stages of evolution; he has 
merely indicated the principal arrange- 
ments by means of diagrams, drawings and 
numerical tables. 


Only the 2D2 Niagara type is described 
in detail with a drawing of the complete 
locomotive and numerous sections. At the 
same time the author gives some very 
interesting details about American practice 
and about new arrangements, such as the 
monoblock frame, roller bearing wheels, 
and the valve gear. As regards the latter, 
the progressive extension of the Baker- 
Piliod mechanism will be noted. The 
interest aroused by it has led the author 
to give a cinematographic study of it. 

Particular attention has been paid to 
the general lightening of the locomotive. 
At the same time, to decrease the wear on 
the rails, the method of introducing coun- 
terweights to balance the mechanism has 
been revised, and the method known as 
« cross balancing » which the author calls 
« dynamic balancing » has been adopted. 
This like the European practice consists of 
balancing each part by two counterweights 
calculated according to the position of the 
planes of action. 


The rest of the work deals with the 
power of the locomotives, their behaviour 
in service, a study of the steam and 
draught. and a few particularities of the 
construction and accessory apparatus. 

As regards ease of driving and the realis- 
ation of the maximum economy, the author 
explains the principles and describes the 
so-called « Pilot Valve ». This enables 
the driver to use the notch giving the 
greatest power for each speed. 
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soncours des responsabilités contractuelle et délictuelle 
on droit frangais. (4 000 mots.) 
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mots & fig.) 


1951 624 .6 (71) & 669 .71 (71) 
Revue de |’Aluminium, avril, p. 153. 

PIMENOFF (C. J.). — La plus grande construction 
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Revue générale des Chemins de fer, mai, p. 213. 

AUBERT (G.). — La tarification des marchandises de 
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Revue universelle des Mines, février, p. 41. 
CAMPUS (F.). — La composition des bétons. (8 
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VREBOS (J.). — Tour d’horizon dans le domaine 
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1951 621 .332 (44) & 656 .257 (44) 
La Technique Moderne, mai, p. 247; juillet, p. 341. 
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Der Eisenbahnbau. (Frankfurt-Main.) 
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Der Eisenbahnbau, Januar, S. 15. 
MATTHEWS (K.). — Die raumliche Darstellung 
und Ortliche Absteckung von Weichen in Uberhéhung. 
(3 000 Worter & Abb.) 
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Der Eisenbahnbau, Februar, S. 25. 
KOLLMAR (A.). — Die Werkstoffe fiir stahlerne 
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der neuen « Berechnungsgrundlagen fir  stahlerne 
Eisenbahnbriicken (B. E.) », D. V. 804. (5000 Worter 
& Abb.) 
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Der Eisenbahnbau, Februar, S. 35. 
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rungsbeispiele bei der Deutschen Bundesbahn. (1 500 
Worter & Abb.) 
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POTTGIESSER (H.). — Zum Thema 
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HELL (H.). — Die Einmessung stahlerner Briicken- 
iiberbauten. (4000 Worter & Abb.) 


13 (43) 


Elektrische Bahnen. (Miinchen.) 


1951 621 
Elektrische Bahnen, Marz, S. 49. 

DUVENBECK (B.). — Trocknung der Fahrzeug- 
transformatoren und Behandlung des Isolierdls in den 
Aussbesserungswerken der Deutschen Bundesbahn. 
(8 000 Worter, Tafeln & Abb.) 


33 (43) 


1951 625 .62 & 629 .113 .62 
Elektrische Bahnen, Marz, S. 59. 

WITTGENSTEIN (M.). — Beschreibung der voll- 
elastischen Einfachfahrleitung fiir Trolleybus und Stras- 
senbahn. (3 000 Worter & Abb.) 

1951 
Elektrische Bahnen, Marz, S. 63. 

SEXAUER (O.). — Inbetriebsetzung cines neuen 
Doppeltriebwagens und einer neuen Lokomotive mit 50 Hz- 
Antriebsmotoren auf der Hollentalbahn. (1 500 Worter.) 


621 .335 (43) 


1951 
Elektrische Bahnen, April, S. 74. 
KLUSCHE (W.). — Wiederaufbau und Stand der 
elektrischen Zugférderung in Deutschland. (5 000 Worter, 
Tabelle & Abb.) 


621 .33 (43) 


1951 
Elektrische Bahnen, April, S. 80. 
EGER (S.). — Neuelektrisierungen der Deutschen 
Bundesbahn in Bayern. (4500 Worter & Abb.) 


621 .33 (43) 


1951 621 .335 & 621 .438 
Elektrische Bahnen, April, S. 87; Mai, S. 118. 

MULLER (A. E.). — Brown Boveri-Gasturbinen- 
Elektrolokomotiven. (9 000 Worter & Abb.) 


Ea sche 


1951 621 .333 
Elektrische Bahnen, April, S. 93. 
RICHTER (R.). — _  Fahrzeugmotoren, besonders 


Vollbahnmotoren fiir einphasigen Wechselstrom bei 
16 2/3 und 50 Hz. (5 000 Worter & Abb.) 


1951 621 .335 (43) 
Elektrische Bahnen, April, S. 99. 

FRAUENDORE (H.). — Der Akkumulatoren-Trieb- 
wagenverkehr der Deutschen Bundesbahn. (3 500 Worter 


& Abb.) 


Glasers Annalen. (Berlin.) 


1951 O2UT ISIS 621 eS 133e 1 
Glasers Annalen, Januar, S. 2. 

KRUGMANN (H. L.). — Die Ermittlung des Kohlen- 
verbrauchs von Dampfiokomotiven aus dem ZV-Dia- 
gramm und die Weiterentwicklung zum Kennlinienfeld. 


(7 000 Worter & Abb.) 


1951 621 .132 .6 (43) 
Glasers Annalen, Januar, S. 10. 
DORNER (H.). — ICI’-Heissdampf- Tenderloko- 


motive fir 1 000 mm Spurweite. (2 500 Worter & Abb.) 


1951 
Glasers Annalen, Januar, S. 13. 
NEUBERG-MOTZ. — Fiir und wider. das Elektro- 
fahrzeug. (3 000 Worter & Abb.) 


629 .113 .65 


1951 
Glasers Annalen, Januar, S. 17. 
GROSSKOPF (A.). — Der neue vierachsige Diesel- 


Triebwagen der Bremeryorde-Osterholzer Eisenbahn. 
(4 000 Worter & Abb.) 


621 .431 .72 (43) 


1951 
Glasers Annalen, Januar, S. 21. 
BREDENBREUKER (F.) & FINSTERWALDER 
(A.). — Uber die Versuchsergebnisse der 2B 2-Deutz- 
Diesellokomotive mit unmittelbarem Antrieb. (3 000 Worter 
& Abb.) 


621 .431 .72 (43) 


1951 
Glasers Annalen, Marz, S. 55. 


WITTE (Fr.). — Zwei Franco-Crosti-Lekomotiven fiir 
die Deutsche Bundesbahn. (2 000 Worter & Abb.) 


621 .132 .8 (43) 


1951 
Glasers Annalen, Marz, S. 58. 


HAEHNDEL (H.). — Motorlokomotiven mit pneu- 
matischer Leistungsiibertragung. (4000 Worter & Abb.) 


621 .433 (43) 


1951 
Glasers Annalen, Marz, S. 62. 


REMY (K.). — Die Lage der Eisenbahnen Afrikas 
nach dem zweiten Weltkrieg. (5 000 Worter & Tabellen.) 


625 .6 (09 (6) 


Internationales Archiv fiir Verkehrswesen. 
(Mainz.) | 
388 (43) & 656 .224 (4: 


| 
| 
| 
| 


1951 2 
Intern. Archiv f. Verkehrswesen, Nr. 6, 2. Mirzhef 
Se 1215 | 
FESTER (J.). — Der Nahverkehr in Grosstadte 


unter besonderer Beriicksichtigung der Verh aa 
staltung in Frankfurt a. M. (4000 Worter & Abb.) 
1951 656 .225 & 656 .26 
Intern. Archiv f. Verkehrswesen, Nr. 6, 2. Marzhet 
Smit | 
Dr. Ing. BASELER. — Die Kombinationskraft de 
Behdlterzuges. (1 800 Worter.) 


1951 621 .33 (41 
Intern. Archiv f. Verkehrswesen, Nr. 8, 2. Aprilhef 
Sb WGP). : 
SEEBOHM (H.-Ch.). — Die weitere Elektrifizierun 
der Deutschen Bundesbahn im Lichte der europdische 
Verkehrsintegration. (8 000 Worter.) 


; 
; 
: 


: 

1951 656 .222 ; 
Intern. Archiv f. Verkehrswesen, Nr. 8, 2. Aprilhef| 
S. 176. | 
HAENICKE (W.). — Der starre Fahrplan. Winsct 
der Reisenden und Moglichkeiten der Betriebsfthrun 
(7 000 Worter & Abb.) 


Signal und Draht. (Frankfurt-Main.) | 


1951 656 .256 3 7 
Signal und Draht, Januar, S. 1. 

WOLF (O.). — Coded Track Circuit. Der Impul 
Gleisstrom im Amerikanischen Signalwesen. (5 e 
Worter & Abb.) 

1951 
Signal und Draht, Januar, S. 12. | 

ROHDE (W.). Uberblick tiber das kommenc 
Signalbuch. (4000 Worter & Tafel.) | 


656 .25 (4: 


1951 
Signal und Draht, Februar-Marz, S. 37. | 
GRUBER (H.). — Funkeinsatz und Funkprobleme b 
der Deutschen Bundesbahn. (4 000 Worter.) 


654 (4: 


1951 
Signal und Draht, April, S. 53. 
WARLICH (G.). — Fahrgeschwindigkeit und Signala: 
lagen. (3 500 Worter & Abb.) 


656 .222 .1 & 656 2 


Zeitschrift des Vereins Deutscher 
Eisenbahn Ingenieure. (Frankfurt-Main.) 


1950 656 22 
Zeitschr. des Vereins Deutsch. Eisenbahn Ing., Dezen 
bers 64: 


ERKELENZ (Ch.). — Grundsatzliche Betrachtunge 
iiber Signale. (3 500 Worter & Abb.) 


SAK 5 (0 pees 


1950-51 625 .236 (43) 
Zeitschr. des Vereins Deutsch. Eisenbahn Ing., Dezem- 
ber, S. 68; Marz, S. 27. 
GENSCH. — Die Reinigung der Reisezugwagen. 
(4 000 Worter.) 
GENSCH. — Reinigungsmittel und Arbeitsverfahren 
fir die Reinigung der Reisezugwagen. (4 500 Worter.) 


1951 625 .215 
Zeitschr. des Vereins Deutsch. Eisenbahn Ing., Februar, 
Smce 


BERGER (W.). — Die Geschichte und Pflege der 
Eisenbahndrehgestelle. (4 000 Worter & Abb.) 
1951 621 .135 .4 
Zeitschr. des Vereins Deutsch. Eisenbahn Ing., Februar, 
So 22S IMleNira, Sy, 33k 
BOSE (E.). — Betrachtungen tber die Héchstge- 
schwindigkeit im Korbbogen. (2 500 Worter & Abb.) 


1951 625 .143 (43) 
Zeitschr. des Vereins Deutsch. Eisenbahn Ing., April, 
S. 40. 
SOFFEL (H.). — Die Entwicklung der Ausgleich- 
schienen beim Reischbahnoberbau. (1 300 Worter.) 
1951 621 .133 .2 
Zeitschr. des Vereins Deutsch. Eisenbahn Ing., April, 
S. 43. 
FINKEN (T.). — Ubergang von der kupfernen zur 
Stahifeuerbiichse. (800 Worter & Abb.) 
1951 S377 
Zeitschr. des Vereins Deutsch. Eisenbahn Ing., April, 
S. 44. 
SAUER (F.). — 
(1 000 Worter.) 


Elektrotechnische Masseinheiten. 


In English. 


The Engineer. (London.) 


1951 
The Engineer, January 26, p. 121. 
Safety valve discharge capacity tests. (3 000 words, 
tables & fig.) 


621 .134 .3 (42) 


1951 
The Engineer, February 2, p. 154. 
Single phase, 50 cycles per second locomotive for the 
French Railways. (3 000 words & fig.) 


621 .335 (44) 


1951 (DAL iB il (29) 
The Engineer, February 2, p. 164; February 9, p. 199. 

Standard British mixed traffic locomotive No. 70 000. 
(3 400 words & fig.) 


1951 621 .431 .72 (42) 
The Engineer, February 9, p. 184. 
Main line Diesel-electric locomotive for the Southern 


Region. (3 000 words & fig.) 


1951 OZ TB 242) 
The Engineer, February 16, p. 210; February 23, p. 242. 
POULTNEY (E. C.). — High-powered « MALLET » 
freight locomotives (to be continued). (6 000 words & fig.) 


Engineering (London.) 


1951 621 .135 .3 (42) & 625 .213 (42) 
Engineering, February 9, p. 149. 

Mechanised production of railway laminated springs. 
(4 800 words & fig.) 

1951 
Engineering, February 23, p. 220. 

Metre-gauge 2-6-2 side-tank locomotives for Tanga- 
nyika Railway. (600 words & fig.) 


621 .132 .6 (6) 


1951 
Engineering, February 23, p. 230. 
Diesel-electric locomotives for the Netherlands Rail- 
ways. (1 200 words & fig.) 


621 .431 .72 (492) 


1951 624 .5 (0 
Engineering, March 2, p. 270. 
FRAZER (R. A.). — Aerodynamic oscillations of 


suspension bridges. (1 500 words.) 


1951 
Engineering, March 23, p. 341. 
British standard locomotives. (1 500 words & fig.) 


621 .132 .1 (42) 


Railway Age. (New York.) 


1951 625 .212 (73) 
Railway Age, February 19, p. 29. 
Former A. A. R. X. — | chilled car wheel now in 


production. (600 words & fig.) 

1951 656 .212 .5 (73) & 656 .254 (73) 
Railway Age, March 5, p. 38. 

Car handling expedited by radio. (1 200 words & fig.) 


1951 621 43 7273) 
Railway Age, March 5, p. 51. 
CORBETT (J. W.). — Moving transcontinental 


trains with Diesel power. (2 500 words & fig.) 


1951 
Railway Age, March 12, p. 58. 
MAGEE (G. M.). — Highlights of A. R. E. A. research 
activities. (2 600 words & fig.) 


625 .14 (OL (73) 


1951 
Railway Age, March 12, p. 85. 
POULTNEY (E. C.). — First new British standard 
locomotive. (2 800 words & fig.) 


621 .132 .1 (42) 


1951 
Railway Age, March 19, p. 42. 
BLUE (L. E.). — Passenger car weights and energy 
consumption. (1 200 words & fig.) 


625 .23 (73) 


EES) 


1951 625 .241 (73) 
Railway Age, March 19, p. 45. 
Flat car for 250-ton hae (600 words & fig.) 


1951 385 (O61. 4 
Railway Age, March 19, p. 49. 
A. R. E. Association Convention Section. 15th annual 
meeting (13-15 March). (9 600 words & fig.) 
1951 
Railway Age, March 26, p. 37 


625 .244 (73) 


KELLEY (J. N.). — Refrigerator cars. A progress 
report. (1 500 words & fig.) 
1951 625 .142 2 (73) 


Railway Age, April 2, p. 56. 
Norfolk & Western expects longer service life from 
crossties. (1 600 words & fig.) 


Railway Gazette. (London.) 


1950 
Railway Gazette, December, I, p. 487. 
VINCZE (Stephen A.) . — Economics of long distance 
electrification. (1 500 words & tables.) 


621 .33 


1950 621 33 
Railway Gazette, December 1, p. 489. 

Overhead line equipment inspection vehicle. (2 000 
words & fig.) 

1950 656 .212 .5 (71) 
Railway Gazette, December 8, p. 516. 

New C. P. R. freight terminal in Montreal. (2 000 


words & fig.) 
1950 656 .254 (42) 
Railway Gazette, December 15, p. 544; December 22, 
ib 
Signalling for Eastern Region electrification. 
words & fig.) 


1950 621 .134 .S (42) 
Railway Gazette, December 22, p. 578. 
Locomotive lubricating. (300 words & fig.) 


(4 000 


1950 
Railway Gazette, December 29, p. 600. 
First 50-cycle locomotive for S. N.C. F. (2 000 words 
& fig.) 
1950 
Railway Gazette, December 29, p. 599. 
Some considerations in the valuation of Railway sys- 
tems. (1 000 words.) 
1951 
Railway Gazette, January 5, p. 14. 
Rolling stock for Nigerian Railway. (800 words & fig.) 


1951 
Railway Gazette, January 5, p. 23. 


British Transport Commission statistics (Period No. 11). 
(Tables.) 


621 .335 (44) 


385.1 


625 .232 (6) 


313 .385 (42) 


1951 656 .25 (4 
Railway Gazette, January 12, p. 41. 

Southern Region Golcas Lest signalling. (2 000 wore 
& fig.) 


1951 621 .132 16 
Railway Gazette, January 19, p. 67. 

2-8-2 «WG» class locomotive for India. (1 St 
words & fig.) | 

1951 656 .254 (49 


Railway Gazette, January 19 p. 70. 


Inductive automatic train control in Switzerlan 
(2 600 words & fig.) | 
1951 621 .335 C 


Railway Gazette, January 26, p 
Cab equipment for electric Receaunet (1 800 wor 
& fig.) 


1951 624 .62 (4 
Railway Gazette, January 26, p. 101. | 
Rebuilt Rhine bridge at Roppenheim. (1 100 wor 
& fig.) | 
1951 621 .132 .1 G 


Railway Gazette, February 2, p. 127. 
British Railways standard locomotives. (1 500 wor 
& fig.) 


1951 625 17 (4 
Railway Gazette, February 9, p. 151. 
Electro-mechanical tamping on British Railways. 4 


words & fig.) 


1951 656 .222| 
Railway Gazette, February 9, p. 153. 

AXWORTHY (F. R.). — Recent developments in 
speed recording. (1 500 words & fig.) 


te 

1951 625 .233 ' 
Railway Gazette, February 9, p. 156. 
Fluorescent lighting on London Transport 7 
stock. (800 words & fig.) 

1951 
Railway Gazette, February 16, p. 189. 

Ministry of Transport Accident Report. Whiteho 
West Junction, L. M. R., British Railways : 13th M 
1950. (1 200 words & fig.) 


656 .283 ( 


The Railway Magazine. (London.) 


1951 
The Railway Magazine, April, p. 226. 
LASCELLES (T. S.). — British Railway signalli 
(3 500 words & fig.) 


656 .254 ( 


1951 
The Railway Magazine, July, p. 438. 
British standard locomotives. (3 600 words & f 


621 .132 .1 ( 


| 
| 
| 


DERG 5 


Railway Mechanical and Electrical Engineer. 
(New York.) 


1951 625 .244 (71) 
Railway Mechanical and Electrical Engineer, January, 
p. 49. 
A mechanical refrigeration system for cars. (1 200 
words & fig.) 


1951 (PAL AB 12 (7B) 
Railway Mechanical and Electrical Engineer, January, 
p. 61 


BARTH (H. W.), LYON (D. M.) & WALLIS (R. B.). 
— Altitude performance of electro-motive Model 567 
engine. (2 200 words & fig.) 


1951 621 .431 .72 & 621 .438 
Railway Mechanical and Electrical Engineer, January, 
p. 66. 
DEZENDOREF (N. C.). — Diesel engines or gas 
turbines for locomotives. (2 000 words.) 


1951 621 .431 .72 (73) 
Railway Mechanical and Electrical Engineer, February, 
Dp: 47. 
LASKY (W.), HANSON (M.A.) & FRANK (H. E.). 
— Heavy-duty Diesel oils. (3 000 words & fig.) 
1951 625 .26 (73) 
Railway Mechanical and Electrical Engineer, February, 
i; Shs 
STRUTZ (C. R.). — New railway car-building and 
repair-shop methods. (3 000 words & fig.) 


In Spanish. 


Boletin de la Asociaci6n permanente 
del Congreso Panamericano de Ferrocarriles. 
(Buenos-Aires.) 


1951 313 : 385 (7 + 8) & 656 .237 (7 + 8) 

Boletin de la Asoc. perman. del Congreso Panameric. 
de Ferrocarriles, enero-febrero, p. 15. 

NUNEZ BRIAN (J.). — Normas para unificar la 
contabilidad, la estadistica y la terminologia ferreviaria 
americana. Soluciones definitivas y uniformes que puedan 
ser aceptadas por todo el Continente. (15 000 palabras.) 


m 1951 385 .113 (82) 
Boletin de la Asoc. perman. del Congreso Panamer. 
de Ferrocarriles, marzo-abril, p. 21. 
Explotacién de los Ferrocarriles Argentinos. (1 000 
palabras & cuadro.) 
1951 656 
Boletin de la Asoc. perman. del Congreso Panamer. 
de Ferrocarriles, marzo-abril, p. 57. 
Sir H. Osborne MANCE. — La coordinacion del 
transporte. (10 000 palabras.) 


1951 385 (06. 112 
Boletin de la Asoc. perman. del Congreso Panamer. 
de_Ferrocarriles, mayo-junio, p. 34. 
NUNEZ-BRIAN (J.). — Asociacion Internacional del 
Congreso de Ferrocarriles. XV Congreso de Roma. 
(20 090 palabras.) 


Ferrocarriles y Tranvias. (Madrid.) 


1951 385 (09 .3 (460) 
Ferrocarriles y Tranvias, marzo, p. 85 & 98. 

WAIS (F.). — En el centenario del Madrid a Aranjuez. 
(8 000 palabras & fig.) 

TORTOSA (M.). — EI ferrocarril de Madrid a Aran- 
juez. (6 000 palabras & fig.) 


1951 385 (07. 4 (460) 
Ferrocarriles y Tranvias, marzo, p. 122. 

DE LA FUENTE (J.). — El museo del ferrocarril. 
(4000 palabras & fig.) 

1951 
Ferrocarriles y Tranvias, abril, p. 159. 

MENDIZABAL (D.). Datos utilizables para el 
posible estudio de una nueva instruccion para el calculo 
de tramos metalicos. (3 000 palabras & cuadros.) 


624 (0 


1951 
Ferrocarriles y Tranvias, mayo, p. 203. 
PRATS TOMAS (J.). — Calculo de itinerarios de 
trenes. Itinerometro 1950. (7 000 palabras & fig.) 


656 .222 


1951 
Ferrocarriles y Tranvias, mayo, p. 216. 
BOCK (H.). — Calculo de la tension y de la flecha en 
las lineas aéreas. (4000 palabras & fig.) 


621 .332 


In Italian. 


Giornale del Genio Civile. (Roma.) 


1951 
Giornale del Genio Civile, febbraio, p. 79. 
RINALDI (G.). — Prove sperimentali su modello 
di trave continua a due campate eguali per ponte in ce- 
mento armato precompresso di grande luce. (3 500 parole, 
tabelle & fig.) 


624 .63 


1951 
Giornale del Genio Civile, marzo, p. 213. 
LEVI (F.). — Ritaratura degli sforzi nei cavi di un 
ponte precompresso a quattro mesi dalla messa in ten- 
sione. (6 000 parole.) 


624 & 691 


1951 
Giornale del Genio Civile, aprile, p. 255. 
BELLUZZI (O.). — Sul periodo di vibrazione di una 
struttura in presenza di carichi di punta. (2 000 parole 
& fig.) 


624 .2 


BEE 


1951 TPA oll 
Giornale del Genio Civile, aprile, p. 291. 

PETRUCCI (G.). — Lo studio dei terreni di fondazione 
per mezzo dei sondaggi elettrici. (3 000 parole & fig.) 


1951 624 & 691 
Giornale del Genio Civile, aprile, p. 297. 

ZORZI (S.). — Ponte in cemento armato precompresso 
sul piano inclinato dell’ impianto del Mucone. (3 200 


parole & fig.) 


Ingegneria ferroviaria. (Roma.) 


1951 IPB. Sl (aS) 
Ingegneria ferroviaria, aprile, p. 263. 

JANNATTONI (L.). — Nascita e morte della vecchia 
« Termini ». (3 000 parole & fig.) 

1951 725.3 (45) 


Ingegneria ferroviaria, aprile, p. 271. 

CALINI (L.), CASTELLAZZI (M.), FADIGATI (V.), 
MONTUORI (E.), PINTONELLO (A.) & VITEL- 
LOZZI (A.). — Considerazioni di carattere estetico e 
funzionale sul progetto architettonico del nuove fab- 
bricato di Roma Termini. (2 000 parole & fig.) 


1951 
Ingegneria ferroviaria, aprile, p. 277. 
BALATRONI (F.). — Coordinamento dei trasporti 
terrestri. (6 000 parole.) 


656 


1951 535 
Ingegneria ferroviaria, aprile, p. 283, maggio, p. 383. 

CUZZER (O.). — Il sistema internazionale per la 
determinazione dei colori. — Spettrofotometro con cella 
a moltiplicazione elettronica e sfera integratrice. (8 000 
parole, tabelle & fig.) 

1951 621 3135.22 
Ingegneria ferroviaria, aprile, p. 293. 

CONTI (G.). — Apparecchiatura prova boccole fer- 
roviarie. (2 700 parole & fig.) 


& 625 .214 


La Ricerca Scientifica. (Roma.) 
1951 624 .6 
La Ricerca scientifica, febbraio, p. 222. 
SAVERIO MERLINO (F.). — Contributo al calcolo 
del ponte Nielsen. (700 parole & fig.) 


1951 
La Ricerca scientifica, febbraio, p. 227. 
MORANDI (R.). — Sur la réalisation d’ouvrage; 


624 & 69) 
| 
| 

en béton précontraint. (2 000 parole & fig.) 


| 
In Netherlands. | 


Spoor- en Tramwegen. (Utrecht.) ) 


1951 621 .33 (492 
Spoor- en Tramwegen, nt 10, 17 Mei, p. 158. 
VAN DER HOEK (E.). — Electrificatie van 4d) 
baanvakken in Twente. (2000 woorden & fig.) | 


1951 656 .257 (492 
Spoor- en Tramwegen, n™ 10, 17 Mei, p. 162. 
WILLEMS (E. J.). — De centrale afstandbediening o 


het baanvak Amersfoort-Enschede/Oldenzaal. (2 306 
woorden & fig.) 

1951 621 .335 (441 
Spoor- en Tramwegen, n?™ 11, 31 Mei, p. 177; nt | 


14 Juni, p. 194; n™ 13, 28 Juni, De 215. 


KOSTER (J. P.). — Enige recente electrische iow 
motieven der Franse Spoorwegen. (7 000 woorden & fig. 

1951 385 (09 (494 
Spoor- en Tramwegen, n™ 11, 31 Mei, p. 187. 

HOOFTMAN (J. C.). — Modernisatie en rationali 
satie bij de Zwitserse Bondspoorwegen. (3 000 ae 
& fig.) | 


' 
1951 656 .256 (492 
Spoor- en Tramwegen, n™ 12, 14 Juni, p. 193. | 


VERSTEGEN. — De resultaten der N-X ECT | 
te Den Bosch. (1 200 woorden.) 


aes | 


1951 625 .14 (0 
Spoor- en Tramwegen, n™ 14, 12 Juli, p. 227; nt 15 
ANG Auli, jo), DS, 


De Summer Convention 1951 yan de Permanen 
Way Institution. (3 000 woorden & fig.) 

MALINGS (H. V. G.). — Reflections on the 195 
Permanent Way Institution Summer Convention in Ho! 
land. (2 000 woorden.) 


M. Weissenbruch & Co., Ltd., Printer to the King, 49, rue du Poincon, Bruxelles. 
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DYIESIEL = EILUECTINIC- |HOXCOMIO IMs 


«COCKERILL BALDWIN LICENCE » 


XI 


RAILWAY MATERIALS 


Rails are made at Workington by the acid Bessemer Process, of which 
the long-wearing properties have long been appreciated by railway 


j G 0 c THE UNITED 
engineers in many countries. The Workington plant also manufac- 
tures fishplates, soleplates and steel sleepers. 
Our Steel Peech & Tozer works produces railway tyres, which can COMPANIES 1"° 


also be supplied in heat-treated form, disc wheel centres and solid 
wheels; carriage, wagon and locomotive axles and laminated springs. 


WORKINGTON IRON & STEEL COMPANY - WORKINGTON 
STEEL PEECH & TOZER : THE ICKLES - SHEFFIELD 
Branch of The United Steel Companies Limited of Sheffield, England 
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RAILWAY 
SPECIALITIES 


for locomotives and carriages 


AMUN (COIN IDINIPIKQINHIN NG EU Te Mie INI TF 
S (ELIE URINE (EIKGIa IHN (SONU INP IME IN] TP 


STEAM OR DIESEL ANTHRAGIT ES ELECTRIC 
LOCOMOTIVE LIGHTING COOKING EQUIPMENT 
SMITH-STONE SPEED INDICATOR PRESSURE VENTILATING 
FOR LOCOMOTIVES & HEATING EQUIPMENT 
ELECTRIC WATER HEATING BRONZE BEARINGS 

& ELECTRIC WATER RAISING AND NON-FERROUS 
APPARATUS ALE@YSeoce RIV Elis 


J.STONE 


& CO. (DEPTFORD) LTD. 


DEPTFORD- LONDON S.E.14 
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XIV 


Basic principles 
hehind 
Timken success 


From the Timken railway bearing book, one of the 
many examples of photo-elastic stress analysis used in 
developing stress relief methods for railway axles. 


In every kind of journal bearing, whether plain, ball or roller, there is one 
dimension that is of critical importance in the performance of the bearing as 
a load-carrying anti-friction device, and in its durability, and that is the radial 
clearance. 


A badly fitted plain bearing either cannot be turned or soon cries out for help. 
With an anti-friction bearing, over-tightening could pass unnoticed for a time, 
until self-destruction of the bearing began to be evident or the axle failed. 


In order to make it impossible to over-tighten our bearings, we at Timken have 
for many years employed a simple system which is as safe as anything can be 
against the idiosyncrasies of the human element. 


The inner element of the bearing is mounted upon the axle shaft by an 
interference fit, and only two dimensions are involved : one is the bore of the 
bearing, which we produce to close limits, and the other is the diameter of the 
axle shaft where it fits into the bearing. This diameter is easily checked by the 
railway engineers during manufacture, and after that the bearing can be 
fitted in a simple press, without risk of over-tightening the bearing elements. 


The housing for the bearings is so made that the cups and rollers can be 
inspected without withdrawing the bearing from the shaft. 


This system of bearing mounting, approved by French railway engineers, is 
supplemented by Timken recommendations in respect of stress relief, the two 
factors together constituting the finest safeguards against axle breakage. 


REGD. TRADE MARK 


tapered-roller bearings 


British Timken Limited, Birmingham, and Duston Northampton, England 
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Pioneers in the manufacture of Electrical Equipment, 


with over 60 years’ production experience. 


TRANSFORMERS MEASURING 
INSTRUMENTS 

VOLTAGE 
REGULATORS SWITCHBOARD 


INSTRUMENTS 


Fines tebe sate SUMMATION 
Gs METERING 


EQUIPMENT EQUIPMENT 


POWER FACTOR IAG, &, IDO. 
CORRECTION TEST SETS 


CONDENSERS FERRANTI CLIP-ON 


AMMETERS 


NGHGaD.© 
HOUSE SERVICE 
& SWITCHBOARD 
METERS 


HIGH VOLTAGE 
INDICATORS 


CURRENT AND 
INKS, & IDKCE VOLTAGE 


PREPAYMENT TRANSFORMERS 
METERS 


ELECTRIC FIRES 
METER TESTING & SPACE HEATERS 
EQUIPMENT 
ELECTRIC 
ELECTRONIC WATER HEATERS 


DEVICES ELECTRIC CLOCKS 


(including equipments 
for the Textile, Plastic RADIO & TELEVISION 
and_ = Aircraft 


Inder een Synthetic Resin-Bonded 


PAPER TUBES 
& CYLINDERS 


VALVES & CATHODE 
RAY TUBES CASTINGS 


Ao LID., Hollinwood, Lancs. London Office: Kern House, Kingsway, W.C.2. 
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LA BRUGEOISE 
ET NICAISE & DELCUVE 


Vale smal ACB | slayer G@) Mi PAIN WY 


Steel-works, Forges and Engineering Works 
Head-Office and General Direction at 
St-Michel near Bruges 


AIL IRQ UILIINGG Syoci 
AND FIXED EQUIPMENT FOR 
RAILWAYS AND TRAMWAYS 
BRIDGES, FRAMEWORKS, TANKS, GAS-HOLDERS AND ALL 
STEEL CONSTRUCTIONS RIVETED AND WELDED 
® 


WHEEL SETS — STEEL CASTINGS — IRON FOUNDRY 
SPRINGS 
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Alphabetical Index of Advertisers 


Firms : 


Anglo-Franco-Belge des Ateliers de La 
Croyére, Seneffe et Godarville (Soc.). 

Ateliers de Construction Oerlikon . 

Ateliers Métallurgiques (Les) . 

Baume & Marpent (S. A.) . 

Belgian National Railways . 

Bell Punch C®°, Ltd.. 

British Timken Ltd. . 

Brown, Boveri & C°, Ltd. . 

Brugeoise et Nicaise & Delcuve. 

Cockerill (John) 

Colvilles, Ltd. 

Docker Brothers 

English Electric, Ltd. (The) 

E. V. R. (L’Eclairage des Venicules!: sur 
Rail) 

Ferguson Ltd.. 

Ferranti, Ltd.. A 

Firth (Thos) & Brown (ony. Ltd. 

Forges de Courcelles-Centre (S. Ag 

General Steel Castings Corp. 

Gresham & Craven, Ltd.. 

Hasler (A. G.) : 

Imperial Chemical Industries Limited 

Isothermos (Société générale) . 

H. W. Kearns & C°, Ltd. . 

Matisa Equipment Limited . 

Philips Gloeilampenfabrieken . 

Pieux Franki . ; 

Ransomes & Rapier Limited! 

RIV (Officine di Villar Perosa) . sae 

S. A. B. (Svenska Aktiebolaget Broms- 
regulator) oe 

Siderur (Société Comucreile “Ab ‘Sidé- 
rurgie) . 

S. K. F. (Société Belge den Roulenents a 
Billes) . nate 

Stone J. & C°, Ltd. 

Superheater Company (The) 

Thomas De La Rue & C°, Ltd. 

United Steel Companies, Ltd. (The). 

Usines Emile Henricot . 


Vacuum Oil C°, Ltd. 

Vulcan Foundry Ltd. 

Westinghouse Brake & Signal Co, Tae 
Whitelegg & Rogers Limited . 


Specialities : 


Locomotives and railway rolling stock. 

Electrical equipment for all traction requirements. 
Locomotives and railway rolling stock. 

Railway rolling stock and fixed equipment. 

Passenger and freight services. 

Ticket issuing machines. 
Tapered-roller-bearing-axle-boxes. 

Electric locomotives. 

Railway rolling stock and fixed equipment. 

Machinery and metal structures. Diesel-electric locomotives. 
Fireboxes. 

Paints, lacquers and varnishes for every purpose. | 
Railway electrification. 


Railway lighting equipment. | 
Tractors. 
Electrical equipment. 
Railway forgings and tools. 
Draw gear, forged ironwork. 
Truck beds for locomotives. 
Locomotive injectors. 

Speed indicators and recorders. 
Boiler feedwater treatment. 
Axleboxes. 
Machine-tools. 
Permanent way equipment. | 
Fluorescent lamps for railway coaches. 
Concrete railway sleepers. | 
Railway plant. 
Axleboxes. 


Automatic slack adjusters. 
Rails, sleepers. 


Axleboxes. 

Railway equipment. 

Superheaters for locomotives. 

Decoration for the interior of Railway carriages. 

Railway materials. 

Automatic couplers; steel castings for railway rolli 
stock. 

Lubricants for locomotives, ships, etc. 

Locomotives. 

Railway signalling. Brakes. 

Fireboxes for locomotives. 
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